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‘Aveling & Porter, easisse | 
Rocunstsr, Kent, 
and 72, Caxson Street, Loxpon, 

STEAM ROLLERS. ROAD HOCQMOTIVES. 
STEAM CULTIVATING MACHINERY. 
STEAM WAGONS. omit em 
_ OEMENT- MAKING MACHINERY- 


A. (GF. Munford Ls. 


OULVER STREET WORKS, COLCHESTER. 
Ow Apmmrauty AND War Orrics Lists. 
ENGINES for Boats. Yachts, Launches. 
BO! FEED PUMPS, 
See Advertisement, page 24, last week. 
PATENT WATER-TUBE BOILERS, 
AUTOMATIO FEED REGULATORS 
And Auxiliary Machinery as supplied to the 
Admiralty. Od 2179 


arbour, Customs and Police 

LAUNCHES, 

JOHN SAMUEL WHITE & COMPANY, Lap., 
Shipbuilders and 








aa Eaer Cowrs, LW. 


Gee's Sa yd, Poncumatic ASH Ejector. 
arent eaving of labour. No noise. Nédwe No dirt, 
Ashes discharged 20 ft. clear of vessel.—Apply, F. Bs 
TREWENT & P R, Lrp., Naval Arch 





5045 | Motors; or Machinery 


arrow & Co., Ltd., 


oianene AND Legge 
SPEEDS. 


PADDLE 


eB Shallow Draught. 


PROPELLED BY STEAM 
Turbines or 


Internal Combustion Engines. 


(Sampbells & Hutt, L@. 
SPECIALISTS IN 
Drilling & Boring Machinery 
for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 


ly of PorLar, Lonpor), 
A TO rs MILES rR. HOUR. 
R SOREW OF 


Od 8758 





4547 





"achts, Launches or Barges. 
Built complete with Steam, Oil or Petrol 
supplied Od 85651 


VOSPER & CO., Lrp., Broap Sram, PORTSMOUTH. 


lank Locomotives. 


Specification and Workmanship equal to 
R. & W. HAWTHORN, LESLIE & OO., Lrp., 


Line Locomotives, 
ENGINEERS, NEWCASTLE-ON-TYNE. 





4988 





Surveyors, 43, Billiter Bldgs., Billiter St., Sees BO. 





e Wilkinson & Sons, 
* KEIGHLEY, are OPEN to UNDERTAKE 
SPUR GEAR CUTTING, } in. to 1} in. pitch, and up 
to 4ft. diam. Also IRON CASTINGS. Enquiries 
Bolic sited. : 418t 


as Engines, Suction Plants, 
Inspect: Tests and Reports. Ex rt 
advice.—E. J. MT. DAVIS, M.I. Mech. E., Great Eastern 
— eg Telephones : East 1850; ee 
: Rapidising, London. 


p: iter Qi! Prgines 


Manufactured by 3591 
PETTERS Limrrep, Engineers, Yeovil. 
r Illustrated Advt. every alternate week. 


tition Work Wanted, for 


and other lathes, drilling, milling, 
4920, 





See o F 


Rev 


Uiiives of | 





i planing machines. — Address, 
CN GINKERING, 


ie Sale, Two Galloway’s 


SUP a RHEATERS : one Lancs: BOILER, 30 ft. 
by Sft., built 1902, Thompson, ingured 120 Ib. pressure ; 
One ditio, 28 ft. by 8 ft., built 1896, Thom: , insured 
80 ib. p ressure. Also quantity Fla 
&:., principally 6 in.—Apply, WOLVERHAMPTON 
COE \TED IRON OO., Lro., Ellesmere Port, 

D 





Qteam Hammers 
without guides). Hand-wor'! 
TOOLS tor SHIP} ULD EES 


DAVIS & DAVIS & PRIMROSE, " LaMIrED, Larra, instoen 


Brett's Patent Lifter Co: 


Hammers, Prank Furnaces, 


COVENTRY. 


p Bes: Dorling & & Co., Lid., 
° BRADFOR 
; Bot addres 


‘H-OLASS ENGINES 
> WINDING, HAULING 
and PUM 
(tame teen Steam, 
BTPRAPEIO and HAND, 


of al E°RUSELL & Ot 
CEORGE RUS LL & ©0O., Lrp. ’ 
near G! 


°F. Haber Radtord, Sona Squire, |= 
cata" Valuers, toe pr 


with or 
or self-acting 











4835 ones 


MULTITUBULAR AND 
CROSS-T 


UBE TYPES 
aaa 
See page 7 5020 


Mechine ‘Tools in Stock :— 


Vertical DRILLS, to admit 18 in., 26 in., 
and 36 in. Maggy ed Bolt Screwing MACHINES. 
10}in. cen Special —, LATHE. Second- 
hand PLANER, 25 ft. by 6 ft. by 6 ft. 

JAMES SPENCER & O0., Lrp., 
_ Chamber Iron Works, | Hollinwood, Manchester. 


(re Powerful Economic 
MULTI-TUBULAR BOILER nd-hand), 

9ft. 9 in. dia. by 14 ft. 6 in. long, - ah le for on te 
.p.. DESPATCH IMMEDIAT 

“JOHN THOMPSON, Boiler Worky Wolverhampton. 


Tue Giaseow Routine Stock anp PLant Works. 


HH. Nelson & Co., Ltd., 


Builders of RAILWAY CARRIAGES, WAGONS, 
ELEOTRIO CARS and EVERY OTHER DESCRIPTION OF 
RAILWAY axp TRAMWAY ROLLING STOOK. 

Makers of Wurxis and Axies, Ramway Pant, 
Foreme, Smirn Work, Iron anp Brass Castinas. 
istered Office and Chief Works: Motherwell. 
Office: Gordon Cham 
London Office : 14, Leaden 
See IUustrated Advt. in 


: 8882 
New Colbourn High Duty 
SHELL DRILLING MACHINES. 


LATHES, Vertical BORING and TURNING 
MILLS, &. 








JOHN MACNAB, Mary Srezer, Hyrps. 
Tel. No. : 78 Hyde. 4629 


P. & W. MacLellan; Limited, 


OLUTHA WORKS, GLASGOW. 
MAKUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS, 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Chief Offices: 129, Trongate, Giaseow. Od 8547 
Registered Office: 1084, Cannon St., London, E.O. 


Fo Sale, One 275 Kw. 


Gemmened a SET. 








ween Sree, SS ree M..-- be}- 


oan ean to 250 volte. Immediate cheap. 
opten Stock rion GEN CRATING Ser, direct 
cou; toc! Westinghouse Genemnter, 
500 volt d.c. a weeld be sold” 
One 87 HP. IR, 500 volts, dc. Sotied, 210 
revs. JENNINGS, 
Wallis, Newcastle-on. 


West 4576 





Fellow [the Glasgow Rawr ad 





Ragherng, Compeay 


London Office—12, Victoria Street, aw. ™ 
MANUFACTURERS OF 
BAILWAY canmeess. WAGON CAD TRAMWAY 
( also 


4960 | diameter (inclusive), for all gau 





Row’s 
Parents. 








oyles Limited, 
ENGINEERS, IRLAM, MANCHESTER. 
FEED WATER HEATERS, 
Re 
STEAM AND GAS KETTLES. 
Merrill's Patent TWIN STRAINERS for PumpS8uctions 
SYPHONIA STEAM TRAPS. REDUCING VALVES. 
"AVATER SOPTENING and FILTERING. 4024 
[lubes, Iron and Stéel: 
Edwin Lewis & Sons,. 
1is; Goeeen Bae Rl Wolverhampton. 
ubes and Frittio 
T TRON AND ee 
Gtewarts and L Jovas, | 4. 
41, OSWALD 8T., GLASGOW ; 
BROAD STREET CHAMBERS, BIRMINGHAM ; and 
LONDON OFFICE— 

Wiscuzstsx Hoven, Oup Broap Srazer, EO. 
LONDON WAREHOUSE—1s7, Ura. Tuauseir., BO. 
LIVERPOOL WAREHO , 

WARBHOUSE “tn, el 
OARDIFF WAREHOUSE—182, Burs Sr. 
BIRMINGHAM WAREHOUS 


, Saeercors St., and 10, Co.asum. =. 
See Advertisement page 26. 


(Craig & Donald, Litd., Machine 


TOUL MAKERS, Sousswen, mend Glasgow. 
For class of Machine Tools see our 
Advertisement every alternate week. 





1358 


ocomotives in Stoek.— 
KERR, STUART & CO., Lrp., have in stock 

or in an advanced state of progress at their 
California Works, Stoke-on-Trent, a large number of 
LOCOMOTWES, with cylinders from 6 in, to 16 in. 
“WT from 18 in. to 
ART & CO., Lrp., 
4570 





4 ft. 8} in.—Apply. to KERR, 8T 
5, Broad Street Place, E.C 





Geparators 


EXHAUST STEAM 
COM. 
&c. 


R 
METALLIC PACKINGS. 


rinceps & Co., 
SHE FIELD. 


5191 
" “Thompson” Boilers 
IN STOCK. 


One 380 ft. by 9 ft. 8 in. by 160 w.p. 
8 ft. 6 in. by 160 w.p. 
8 ft. 3 in. by 160 w.p. 
y 8 ft. 3 in. by 100 w.p. 
Two 30 ft. by 7 tt. 6 in. by 100 w.p. 
Seventy other sizes and pressures. 


John Thompson, 
WOLVERHAMPTON. 4850 


W's Lathes, New, Several 


Double-ended, Desblo-guued ; height of 





tres froth 18-22) in., distance between centres Bristol. 


7 ft,, chuck diameters 86-44 in. 
GOODCHILD & MAONAB, 


56, Eagle Street, London, W. ‘0. D609 


ocomotive for Sale, Second- 
Sater. ~~" wheels oe a, 
: Hadewell, Olar ~4 & Oo. kiss 200 
hand 


tons 
\- F-B. RAILS and 11 gece FOUNTS. 
45/50 Ib. per yard.—WILLI 
Street, Leeds. 





AM FIRTH, Lrv., Greek 
E27 


Mechanics and Metals 


National Bank 


OF THE CITY OF NEW YORK, 
EstasLisHeD 1810. 
CAPITAL (Fully Paid) . - $6,000,000 
SURPLUS & UNDIVIDED PROFITS 9,000,000 
This Bank receives Accounts of Banks, Bankers, 
a ~ ia to ts depots every on favourable 
consistent with proden and’ coneervative. banking 


CORRESPONDENCE INVITED, 
ARTMENT. 


FOREIGN DEP 
Finances Exports and Im Buys and Sells 
&c., and 


takes Collections. on -all parte of the world. 


AE Em 





4778 } - 





Yarrow Patent 


wee ee as 


‘Masses. YARROW 00., UNDERTAKE 
PRESSING und" MACHINING’ —S the various 
ets, “a a aitish and 
Firms not having the necessary tacllities. 
YARROW & 00., Lrp., Scoretour, GLASGOW, 


-j ohn Bellany, j imited, 
MILLWALL, LONDON, E. 1216 
_ Gexerat ConstrucrionaL Eyeinrens, 


Boilers, Tanks& Mooring Buoys 

Stiuus, Perro Tanks, Am Receivers, STEseL 

Cumurys, Riverep Sttam anv VewtrLatine Pires, 
Hor res, SpeciaL Work, Rerains or ALL Kinps, 








RAILWAY CARRIAGES, ELEOTRIO OAkS, &c. 


Ht, Nelson & Co. Lt 


Taos GLascow Sees Geert 10 Suse. Se 
MOTUERWELL. 


Mitthew: paul & (oe, L%. 


Lavaxronv Worss, Lumbarton. 4635 


See Full Page Advt. page 48, April 7. 


I[laylor & (Qhallen, Ltd., 


BIRMINGHAM. 
Presses for Sheet Metal 
See Advertisement, April 7, page 47. 


PRODUOTS. 
He ‘Wrightson & Co | 
LIMITED. 








See Advertisement page 29, April 14. 208. 
GOLD MEDAL—Ixvantions EXhIsition—AWARDED. | 


[uckham's Patent Sus spended 


WEIGHING, MACHINES. — E. 
ROAD ENGINEERING WORKS COMPANY, Liutrep, 
Loxpoy, E.—Hydraulic Oranes, Grain , &e. 
____ See Illus. Advt, last week, page 17. 4812 
Hiectric Motors for Sale, 
various sizes and voltages, new, second-hand, 


MALCOLM & ALLAN, Lrp. ,400, Kaglinton St., mg 
*Phone, 508 Gorbals. Tele., Bh 796 


For Sale, Large “Comapreisok 
PUMP, ue +: Motor, pear ho a gy both direct 
current.—Furt er particulars from 8. P, MUMFORD 
anp CO,, Firter 3 Flour Mills, London, &E. D964 


er Sale, One. Set Air 


CIRCULATING PUMPS (Mather & Sat, Coe 
und Engine, self-contained bers ren 

at oo ble of ——- with 200 .HP. "aise ¢ one 
SUR CONDENSER, circular body (Mather and 
Platt) suitable for use with above "DRIFISH 


order.—Full a on on, appicatign, Bi 
Dae 


AMERICAN 
MANUFACTURERS. 

















Rrbber 


Conveyor Belts 


GUTTA PEROHA & RUBBER, LIMITED, 
Toronto - -  Osnada 
CHANTIERS & ATELIERS 


Axgustin - Normand 


67, rue de Perrey—LE HAVRE 
(France). 


5211 





—- 3890 
Destroyers, T io Yachts and Fast Boats 
“ Submari: Rad nen me and Bebmeraible 


Boats. 
NORMAND’S Patent Water-tube Boilers, Coal or Oil 
Heating. Diesel Oil Engines. 





aan B. * S. Maney, id. 


team 
ower 


Diana <a 


fae = 
AE A se 


ammers, 
ammers, 


QUICK 



































2 ENGINEERING. rac at 1916, 
- ee 
(Tihe Manchester Steam Users’ Ww Superi rintendent.—An | Jj‘oreman Miller, Experienced PARTNERSHIPS. | 
400 hands Man accustomed to modern who must al 
For the the Prevention at teee Behar Explosions and for | and women) REQ' pp te SERVICES have held similar position ; also ASSISTANT FORE- Every y_Mingineer 
the Attainmentof Economy in theApplication of Steam. | of a fully-trained ENGINEER = rage oe oe © MAN (must = references) for motor works 
9, Mounr machine, fittieg and shops. ye BR in the 3 a FOREMAN Partn 
Ohief Engineer : & STROMEYER, M.1.0.R Six o’clock man, a good organizer, Sapietaent (bens 6 sashionnn, capstan and er 
Founded ty Sir W. Farrsarn, wal initiative, —— Bay wee et aure S expert = es oo be yas to pony 
Wortthore Ace een omnes for ff and; An setae salary will be and applications | furnish good references. Good pay. No one already Partnership 
ne sea paid in case of Engines and sree considered from those who can show successful | on Government work need aan nearest, should write fully to 
lers inspected during 5169 rience in a similar post. LABOUR EXCHANGE, mentioning th is paper, and WHEATLEY KIRK, CE & CO., 
OXY-A’ E 75, Offices of ENGINEERING. reference A 1589. Eé LONDON, £.¢., 


OxY ACETYLENE WELDING FOR WAE SERVICE 
[The Council of the British 


ACETYLENE 2 WELDING ASSOCIATION 
face pleasure in announci: =< yy aE 
fa agurated a CONSULTATIVE DEPARTMENT 
tue purpose of assisting in the elucidation of weg 
problems GRATUITOUSLY. The intention is to give 
— advice and technical assistance where di 

and Want to THE SEORETARY, The British Acetylene 
Association, 103 and 104, 


168 
(irystal “Palace School _ of plant, prim 


PRAOTICAL ENGINEERING. Principal, J. W. 
.E., M.1. Mech. B.—The New Course 


at the School on 2nd May, | between Ten a.m. and 
®ne p.m., for Registration.— 8 sent on 
application to ‘the PRINCIPAL, E58 


[2st C.E., Inst. Mech. E., 


and all Sagheserinn Exams. Oorrespondence 
seaching by practical engineers, 1.0.E. successes 282 
out of 310. Two Baylies Prizes, ‘‘ Proxime Accessit.” 
Spe-sial pares for torei Write for 


candidates. 
&c.— Address, 2548, Offices of 
A National Need. 

BRITISH SCHOOL OF AERONAUTICS. 

eroplanes and Airships. Construction, Design 
aie  Precghtnnendiiip. Complete Postal "Courses, 
Fees reasonable. Also preparation for A.M.LE.E., 
A.M.LM.E. and A.M.1.0.E..—PENNINGTONS, 254. 
Oxford Road, Manchester. 4337 

STRUCTURAL ENGINEERING. 

Fs 


Particulars of Course of 
HA 


core ae 














NSTRUOTION CORRESPONDEN' 
“THE WESTM ER ENGINEERIN 
,” 23, Old Oak Road, Acton Park, —— 





——— 
none 


43 | nearest BOARD OF TRADE LA 


Hgineer, Marine, Wanted, 
as Tutor in the Marine Lary wwe gd 
ment, The Bennett College. Must Extra 
engage Nas pl experience, qualifications, and 
pply, by letter only, TE 
GOV RNORE othe | Beate College, Sheffield. E65 


A ssistant Works Engineer, 
a for the Army, experienced in con- 
general engineering and pan or of 
mend pode As superintend extension 
pee ——- position if found salbetnstinp--tee 
rm ufacturers in Lancashire.—State age, 
full experience, together with requi 
accompanied by recent testimonials, to Box. W 85, 
Les & NicuTinea.s, Liverpool. E60 


Wanted, for Admiralty Work, 


an Assistant ENGINEER. with quochuntent 

and drawing office experience, accustomed to testin; 

materials and repetition work. State age, Noa f 

anne of experience.—Address, E $4, Offices of 
INEERING. 


abe W anted, Draughtsman 
(archit: eohurel or civil engineering). 
Inel Sie for military service. 

ee particu to the wv ENGINEER, 


R.N. 
E 80 
Dorset. 











ne or 


DRAUGHTSMEN REQUIRED, erably with 
experience < any piant steel works 
machinery. already employed on Govern- 
ment work wil . State experience, 
salary required, onde on oe a e 
BOUR EXCHANGE, 
mentioning this Journal, and D 512. 





TENDERS. 


COUNTY BOROUGH OF SALFORD. 
ELECTRICITY DEPARTMENT. 


F[Tenders Required, by Twelve 


on ayy: , Sth May, 1916, for High 
Pressure STEEL PIPES o and SEbAIr ATOR. 
Aleo Se Tender for CASTIBON PIPES. oni 


fications and all 





lars heel a 





anted, ald eke 
DRAUGHTSMEN. One used arine Engine 
design and another to Marine Engine p'‘pe arrange- 
ments. Establishment on North-hast doves engaged 
on Government work. Permanent employment and 
=e ~ to suitable a. No one on st LABOUR 
wor! engaged. — pply, | — nearest LABOU: 
EXOBANOE. quoting No. A 1717. 


[prneghtamea, for Urgent 








may be 
from the BOROUGH LECTRICAL Sean 
Blectriclty Works, Frederick Road, Sa Ev 


TO MANUFACTURERS ONLY.” 


THE COMMISSIONERS OF 1 OF i —— 
WORKS, &c., are 


gaa Tones for t the “Supply 


(a) ASBESTOS SMOTHERING CLOTHS, 
(0) STEAM and HOT WATER HEATING 
ACCESSORIES. 


Forms of Tender, Conditions of Contract, and all 
Bentler may be obtained on application to the 
SS of _ lies, H.M. Office of Works, King 
estminster, S. W. 
OTe Saccioones do not bind themselves to accept | 
the lowest or any Tender. 
Tenders must 






delivered in the envelope provided, 
(a) before Eleven a.m. on Fr’ , 28th April, 1916, 
and (b) before Eleven a.m. on ureday, th April. 
1916, addressed to The ag en ag 'M. Office of 
bal ii &c., a 's Gate, London, 8. 
H.M. Office of Works, "&e., 
18th April, 1916. E57 








APPOINTMENTS OPEN. 
FIRING ENGINEER. 


Gituation as Chief itogineer| 
and MANAGER of Norsk Dampkjelforening 
(Norwegian Steam Boiler Association) is VACANT. 

A capable engineer, with thorough theoretical 
and I ac ae training in heating and firing, is 





The Association has just been founded for the 

purpose of introducing economy at the steam 

Col oa of its members, t including only the 
Rorwegian paper and cellulose industry. 


Applications, oe var’ weal Neg A ee and 
ina at ell 4-77 Mtesirede be 

™ ions, as well as m: 

addressed to— 24 


NORSK DAMPKJELFORENINO, 
Prinsengate 5, 
Kristiania, Norway. 


| arge Midland leawulnataine 


Firm es hema age of wa pe gamed 





t , with capacit: 
ve ence on own initiative. 
should furnish full lars, a) ximate views as 
to salary, and onials ( = caly) BOX 8, 
Surru’s Acrncr, Ltd., 100, Fleet Street, B.C. E78 


or Required, 
pe, emithies and foundtiee of large I 
and traction pee 


® on the class of work named, or who have 
asimilar position ina first-class locomotive works 
wal = ee ee, 
cormmunications 
= aol pelea “meee 
E40, Offices of y 


Work. Good technica] training, and 
considerable experience in works and drawing-office 
essential. High class men required. Good salary 
and prospects. Overtime E ~ for, No man = 
Government work need ly.—Write, or ap 
nearest BOARD OF TRADE ABOUR BxGANGE, 
mentioning this paper and No. A 1704. 


Wanted, Jig and Tool 


DRAUGHTSMEN, for magneto work, in large 
Controlled Establishment, London district. Previous 
experience desirable, but not essential. Those 
pond engaged on Government work need not 

—Apply your nearest LABOUR etme To 
mn this paper and No. B 5. 


K xperienced Hicctrical 
DRAUGHTSMAN WANTED. Those used to 
H.-T. detail work preferred. No person already 
employed on Government work will be ay 
Apply. marest" LASOUR particulars and salary wag * 4 to 
EXCHANGE, mention 
Journal and 


e shi anical Klectrical 
DRAUGHTSMAN, accustomed. to colliery 
work (above 41 years, or certified unfit for mili 
service, and not now on War work), REQUIR 
immediately, at salary, by consulting engineer. 
ey required, experience, references.— Write, 
, care of STREET'S, 30, Cornhill, London. E76 





Two First - class and She 





Wanted, Foreman Turner, 


for centrifugal mp details. Must have coms 
knowledge of up-to rapid production 
methods. State Tolan, 


-_ gaged.— 
vy, mg nearest LABOUR EXCHANGE, ae) 
x A1720. E67 


anted Immediately, by 


large firm of engineers, the SERVICES of 
thoroughly experienced and energetic MAN to 
superintend ——s of bottle-nosed (solid base) 
shells of large diameter. Substantial salary will be 
paid. Only applicants who have had actual ex- 
perience of the work will be considered. No pg 
already a on Government work will 
engaged. apply, , nearest LABOUR EXOHANGE, 
mentioning this Journal and E 83. 


Rate Fixer, for large general 
— works, Musthave — a 
Sepbinen aan ak wakes tedeek. ip 
. wi u) 
Geveruininh work will “be ned: 
nearest LABOUR EXOHANGE, quoting 


inition rime Requires 

several JIG and TOOL MA willtog neo TRU. 

MENT MAKERS and TURNERS 

Operate and nt meat Cleveland, ridley, sea ‘Bro brown 
tomatic machines. No person already 

Sa "Government ae will be considered.— 

Appiy i firs’ —_ % nearest LABOUR 

ANGE, nestle ming this Jo Journal and CO 870. 


anted, Toolmakers used to 
jig work, TOOL TURNERS, and JIG MAKERS, 
for Government work, in Controlled Establishment, 
London district. Good and 
to suitable men. Those y changed on Govern- 
ment work need not ap sg your nearest 
oe” EXCHANGE, OP Ten this paper = 


Wanted, by by Lancashire Firm, 


Several First-class TURNERS, to start up new 
plant for 4.5 shells. Good wages ‘and bonus to suit- 








gn on 
iy, your 

A 1721. 
E68 











able men. No n already employed on Govern- 
ment work be engaged.—Apply to nearest 
LABOUR EXCHANGE, mentioning this Journal 


and E 1. 


anted, for Government 
work, Controlled Establishment, London 
district, INSTRUMENT MAKERS, CLOOK MAKERS, 
DIE SINKEBS, MAGNETO REPAIRERS, and any 
men used to accurate work. Those already en 
on Government work need not apply.—Apply your 
nearest LABOUR EXCHANGE, mentioning mr 
paper and No. B 1. 


Fingincering Pupil —Vacancy 


with Firm (Government Contractors) manu. 











Pxrties with Capital, W ishing g 


to take an interest in a new concern for : 8 
installation of electric runways with new caemetla 
janctions, should:-COMMUNI ‘ATE with E88, Of: 
of rounmates. 


PATENT AGENTS. 
atents "re our 


E. P. Alexander & 
CHARTERED Parent AGENTs, 
306, HIGH HOLBORN, LONDON, \y.c. 
(Established 1874.) 
Telephone: Central 7424. Od 585 


e) onsen and ‘Son, 4584 
CHARTERED PATENT ACENTS, 
Colonial, 





— 











(Established 1: British, and Foreign 
Patents, and e Marks and Registrations, 
77, Chancery Lane, London, W.C. Tel. : Holborn ie, 





jy ohn E. Raworth, 


CHARTERED PATENT AGENT, 
70/71, Queen Anne’s COhamibers, 4995 
Tothill Street, Westminster. S w. 


PUBLICATIONS. 


PATENT-RIGHTS; 


THEIR ACQUISITION AND MAINTENANCE. 

A Concise Summary of the Princi Facts with 
which Inventors, Manufacturers and others, interested 
in the Protection of Inventions, should be acquainted, 


‘By G. G. M. HARDINGHAM, 
Mem. Inst. M.E., Fev. Cu, Ivet.. P.A. 
CROSBY LOCKWOOD & SON, 

7, Srationers’ Haut Court, Lonpon, E.C. 
Revised Edition, price 1s. 6d.; by post, Is. 8d. 


WANTED, &c. 
TO MUNITION FIRMS, 


irm of Contractors have 


available for immediate use, owing to the aban- 
donment of a large -making contract in the 
South of England, several miles of RAILWAY (24 in. 
gauge), WA’ NS and LOCOMOTI VE, all Tools aod 
Appliances to undertake laying out of sites, p drainegs 
main laying, railway or waterworks of any magnitu 
Managing staff, in addition to foremen and leading 
men ineligible for military service, also available. 
South or Midland districts preferred. 
G. PERCY TRENTHAM LIMITED, 
Contractors, 
Victoria Square, Birmingham. 
Tele. Address: ‘‘ Pertren, Birmingham.” E30 


[the Proprietorsof the Patents 


Nos. mt, ” 1913, and 360, of 1915, for ‘‘Im- 


























facturing latest types of machinery, oil and 
es, &c.; moderate premium, — Address, een, 
of Enainesrine, 





‘ 
Pupil. — The Borough and | © 


AT ag ory (A.M.LC.E.), of 
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GRINDING-MACHINES.—No. XXIII. 
By Jostrn Horner. 

Sreaptss or back-rests grow in complexity as the 
practice of grinding increases, and as the grinders 
are made of heavier proportions in the manufactur- 
ing machines. Steadies are more numerous than 
formerly, being spaced more closely, and are also 
used freely for short pieces of diameter as well 
as for long slender articles, and the shoes generally 
make larger arcs of contact with the work that is 
being ground. The a of grinding-steadies 
is therefore not paralleled by that of the steadies 
used in the lathe. Neither is it necessary to pre- 
pare a zone for a steady to make contact with, as 
is done in lathe work. It is brought only lightly 
in contact in opposition to the wheel with sufficient 
pressure to prevent the work from yielding, and 
it may be readjusted as the piece being ground 
becomes reduced. Some elasticity is frequently 
provided, and also an abutment stop for gauging 
repetitive production. Analogies suggested by 
lathe work cannot therefore be — closely to 
grinding practice. The conditions differ so widely 
by reason of the vast difference in speeds, and in 
the quantities of material removed, and the fact 
that the cutting is done with a revolving element, 
so that experience gathered in lathe work is not of 
much help in grinding practice. 

The influence of vibration is the cardinal differ- 
ence. An amount of vibration which would not 
be objectionable or tag: pare in turning develops 
evils in grinding. This is primarily a result of high 
speeds and of the generation of heat, with conse- 
quent distortion of the work. Second causes 
lie in the machine itself, in an original design, 
or in the spindles, consequent on wear, or want of 
lubrication, or uneven driving-belts, or on badly- 
fitting centres. The diagnosis and the location of 
the mischief calls for the experience of the man in 
charge, who will make such adjustments as are 
necessary, and the provisions which his intuition 
suggests. 

rimarily, eorrect centring is necessary if vibra- 
tion is to be avoided. The machine centres must 
be true, and the holes must fit them accurately, 
and without the points bettoming. The holes 
should be drilled and reamed, 60 deg., as in lathe 
centres, being the standard angle. Dead centres 
require attention and correction, as well as live 
centres, since they wear out of truth. Centres are 
ground by setting the universal work-head to an 
angle of 30 deg., and traversing the revolving 
centre past the wheel. Plain machines that have 
heads which do not swivel have an attachment for 
holding the centres. This is clamped to the table, 
and carries a head set to the angle, in which head 
the centres are set and trued. 

But when all precautionary measures have been 
taken, when the machine adjustments and the 
centring are satisfactory, the absolute necessity of 
using steadies remains. When turning is being 
done the function of a steady is mainly to resist 
the pressure of the tool. During grinding also the 
steadies resist the pressure of the grinding-wheel. 
But this pressure is comparatively slight. The 
principal use of steadies, therefore, is to prevent 
chatter by absorbing vibrations, in the same way 
that a hand clasped on a bell will deaden its vibra- 
tions. This explains why they are employed when 
short pieces that are of large diameter relatively to 
length are supported by steadies, which is never 
done in the lathe. It also explains the necessity 
of employing a very large number of steadies for 
the support of long slender pieces—a long array 
crowded almost close together. A rough rule is to 
place them at distances apart equal to six times the 
diameter of the piece being ground ; but they are 
often spaced more closely than this ; and as the 
length of the work in proportion to its diameter 
increases, the necessity for and the utility of the 
rests becomes even more insistent. For supporting 
short stiff pieces the shape imparted to them 
matters less than when long slender pieces are 
being ground. In the first the work receives sup- 
port from the centres adjacent. In the second the 
control of these centres is of much less value. In 
lathe work of a similar class, steadies also are 
multiplied, or a following steady is employed. 
But the latter is impracticable in grinding, in con- 
junction with the rapid traverse of wheel or work. 

Since the function of a steady is to afford support 
to work at all stages of its treatment, ite construc- 
tion must be of an elastic character. It takes 
charge from the first rough grinding to the final 


reduction to finished size. An ——- occurs in 
sizing steadies which are only for very fine 
finish-grinding. But the ordinary rests have to 
accommodate themselves to the work as it becomes 
reduced without any preparatory necking or spot- 
turning. At first, therefore, they simply oppose 
lightly the pressure of the wheel by contact with 
the rough surfaces. Afterwards they accommodate 
themselves to the work as it is reduced. 

Further, all grinding steadies are now designed 
to afford support in two directions: one at the 
rear, in opposition to the horizontal pressure of 
the grinding-wheel; the other at the bottom, 
to counteract the sag of the work in slender 

ieces, and the downward pressure of the wheel. 

ese facts explain the reason why practically 
all steadies now make contact at the rear and 
below, and why the older steadies, which took 
a bearing only at the back, were unsatisfactory. 
It is clearly, too, an ———- when the steady 
embraces the lower part of the work very close 
to the wheel, where the downward pressure comes. 
But the contact should never be continuous between 
the extreme locations, as is often the practice in 
lathe steadies. The shoes are distinct and sepa- 
rate, with a space intervening. They may form 
portions of a single block, or, as is more usual, be 
wholly separate, and operated independently. 
Around these principles of design the greater 
number of steadies are now constructed. 

If a comparison be made between the steadies 
illustrated here and those that were shown in 
an article published on page 111 of the issue of 
ENGINEERING of July 24, 1903, the differences 
which will be noticed are generally as follow :— 
The preference for larger arcs of contact between 
the shoes and the revolving work, the lessening 
use of springs in favour of whatare termed “‘ solid 
rests, and the introduction of the automatically 
adjusting design. With reference to the first, the 
shoe may be in one piece, making contact in two 
places, with a clearance space cut out hetween ; or, 
which seems preferable in all except small dia- 
meters, two shoes may be fitted, each with its own 
adjustment independent of that of the other. But 
whichever design is adopted, the contacts sometimes 
embrace one-third or more of the circumference of 
the work, one shoe being brought rather close up 
to the wheel, the other being located above the 
centre in opposition to the radial thrust of the wheel. 
Also, the contact of each shoe is often that of an arc 
instead of a mere flat surface, which affords only 
line contact. 

These differences from older practice have been 
of an evolutionary character, having developed 
along with the more severe demands which have 
been made on grinding-machines, both in regard to 
their approach to higher degrees of accuracy and 
their increased production. With the growing 
employment of wide-face wheels and of coarser 
traverses, which have been remarked in these 
articles, the use of more efficient steady-rests has 
become imperative. The reason why the work is 
generally embraced over large arcs is, as has been 
already stated, to prevent or absorb vibrations, to 
eliminate the influence of chatter-marks that result 
from vibration, and to offer resistance to the thrust 
of the wheel both in the axial and in the vertical 
direction. None of the earlier rests fulfilled these 
functions satisfactorily ; but heavy grinding was 
never done in the earlier days, and scarcely 
attempted, because true work, round and free from 
chatter-marks, could not have been produced on 
the light machines then available except by light 
cutting. 

The wide shoes are also designed and propor- 
tioned to embrace and cover the irregularities of 
the rough surfaces of the work, the irregularities 
both of the first rough pieces and of those which 
are produced by vibrations. The lower shoe is 
also adjusted to spring the work upwards, for the 
reason to be sisted directly, while the upper one 
simply opposes the horizontal pressure of the wheel. 
ree 4 thus the large area of the work which is 
embraced causes it to be supported as in a bearing, 
and the large area which is provided by each sepa- 
rate shoe prevents minute irregularities of move- 
ment. Obviously, the line contact of a narrow 

is liable to —_ these irregularities to 
follow that edge, and these may be constantly per- 
petuated by the wheel. 

With regard to the second fact, that of the in- 
creasing use of solid rests, this also is a result of 





the heavier grinding which is now done. The 
spring-reste are suitable for light articles, but are 





*| steel is therefore necessary 


not the best for heavy duty, for which the rest 
must be rigid. A transitional form is the useful 
combination design to be employed either with or 
without the spring, in which design nuts can be 
tightened to take the elasticity out of the springs 
or stops be arranged to size finished pieces. It is 
rather difficult to reconcile the varied practice 
which now exists concerning the employment and 
the abandonment of springs. Their tendency 
seems to aggravate the vibration which has to be 
avoided. On the other hand, the elastic accom- 
modation which they furnish to rough surfaces is 
an advantage. They are more suitable for light 
grinding than for heavy, and as the former has 
predominated until a recent period, that explains 
why the spring-supported shoes have retained their 
place. With the growth of heavy grinding, steadies 
of a more solid kind are required. Steadies of any 
types, like other elements of grinding-machines, 
should be massive and be well supported in order 
to absorb vibrations. 

With reference to the automatic or self-adjusting 
steadies, these are few, as yet, and recent. The 

rinciple embodied is, that when long pieces are 
ing reduced, the advantage of solid steadies 
shall not be sacrificed to spring adjustments. The 
designs make provision for feeding a row of steadies 
inwards by a predetermined amount, corresponding 
with the reduction of the work. 

A minor change is seen in the materials that are 
used for the shoes. Wood formerly predominated. 
It is cheap, easily fitted and renewed. It divided 
favour with bronze. Steel was used for permanent 
service. Steel now is used increasingly, consequent 
on the heavier duty that is being demanded. 
and brass wear rapidly, they retain grit, which 
scratches the work; steel does not > so, and 
when permanent 
repetitive work is being done. 

A back-rest used now on the Brown and Sharpe 
universal machines is shown by Fig. 337, on Plate 
XXXII. In order to absorb vibrations effectually 
the body A is made very substantially. It is clamped 
on the bed by the o ition of the milled-head screw 
to the hookjin the Yslot. The shoe B, which makes 
contact with the work in horizontal and vertical 
positions, is pivoted on trunnion-pins ata. Shoes to 
suit a range of sizes of finished work are provided. 
The shoes are free to take up positions which are 
controlled by the stop screws OC and D, and re- 
gulated by the milled-heads Eand F. The pivot- 
ing of the parts renders them susceptible to the 
actions of these screws. Thus the piece G is 
hinged at b to the body A, and the arm H is 
— to this, and rests on a roller pivoted on the 
stud c. 

When making adjustments, the shoe B bein 
hung on its trunnions, the screw C is turned bac 
until the shoe clears the work, and the nut F is 
loosened, relieving pressure on the spring d. The 
screw D is run back. The screw E is now turned 
in its nut to make light pressure on the spring e. 
Then the screw C is turned until it presses on the 
heel of the pivoted shoe B, causing it to come in 
contact with the work at f and g. Holding the 
screw with one hand in gentle contact with the 
work, the screw D is turned carefully to make 
slight pressure on the body at h, the shoe being 
thus retained in contact with the work at / and g. 
Then the nut F is turned to put a slight pressure 
on the spring d. The tension on the springs d 
and e must be but slight—only enough to counter- 
act the pressure of the wheel during the final cut. 
If the pressure is divided unequally the shoe will 
bear unequally at f and g. The function of D is 
to duplicate pieces. When it rests against its 
abutment at h the pressure of the shoe on the work 
is relieved. The adjustments of O and D remain 
untouched for duplication of work, C is readjusted 
only when the shoe wears, and D for delicate ad- 
justments of diameter. 

A Landis steady is shown by Fig. 338. It sup- 
ports the work at two pointe—one at A being 
opposite the point of pressure of the wheel, the 
other at B underneath. Each is adjusted indepen- 
dently by a screw with a milled head, which has an 
abutment-stop to limit its movements, this stop 

ing when the work is d to size. This is of 
especial value in duplicating work, the setting being 
unaltered, except when compensation has to be 
made for the wearing of the jaws. When the work 
is being changed, the front support is withdrawn 
ily, being carried in a separate bracket which 





bodily, 
slides on the base, and.is clamped with a screw 
O giving a large range of movement. The screw D 
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regulates the spring tension of the plunger. The 
arm E, which carries the lower shoe, has a large 
range of movement suitable for large and small 
diameters. 

A steady by the Narragansett Machine Company, 
of Providence, R I., USA. is illustrated in Figs. 
339 and 340. The actual steady is in one piece, 
notched between the areas of contact. It is pivoted 
in vees in a shoe B, which terminates the holder, 
and is locked when set by a screw CO pressing on 
it from above. The stem of the holder is adjusted 
along its barrel, with a screw D at the rear, fitting 
in a bush in the stem similarly to the fitting of a 
Lege eye The cylinder pivots on a pin a 

ow the rear end for the purpose of adjustment, 
and is clamped by the screw E above at the front. 
This bears on the screwed pin b, by which the stem 


is clamped after having been set. The clamping of 
the Salle to the table is by a pivoted washer F and 
its bolt. 


Fig. 341 shows a steady by the Queen City 
Machine-Tool Company, of Cincinnati, Ohio, U.S.A. 
Clamping to the table is effected with a screw pro- 
vided with a lever. Provision is made for a large 
range of diameters, first by the longitudinal range 
of the upper steady-holder effected by its screw, 
and second by providing three separate holes, in 
either of which the lower holder can be pivoted. 

Figures immediately succeeding illustrate a series 
of steadies by the Churchill Machine Tool Com- 
pany, Limited, of Manchester. Fig. 342 shows a 
type used on the firm’s 6-in. plain machines. It 
embodies an automatic spring mechanism, which is 
included in some other forms of steadies illustrated 
later. Another feature which it is that 
of accommodation to cover the Gentes within 
the capacity of the machine from maximum to 
minimum. 

The body of the steady is clamped to the table 
with a hook-bolt. The top block-holder A is pro- 
vided with means for travelling it to cover maxi- 
mum and minimum sizes. The position of the 
lower block-holder B is changed with the same 
object, by giving the choice of two holes, a lower 
and an upper one, to receive the pin around which 
it pivots. The minute adjustment of the block is 
effected by the screw C, enough pressure being 
applied to spring the shaft above the normal centre 
height by the amount necessary to give it the 
necessary rigidity whilst being ground. The effort 
of the work being operated upon to return to the 
normal centre height makes the readjustment of 
this screw unnecessary. The upper adjustable 
steady-block A is acted upon by the spring at D. 
The screw E feeds the block-holder A. ter the 
screw E has been set it is locked in position. The 
screw F adjusts the tension of the spring D. The 
tension of the spring D is adjusted by the nuts G 
through the medium of the screw F. When a new 
oy of work is inserted in the machine, the spring 

is compressed, and the nuts G are thereby forced 
away from contact with the screw EK. The pressure 
of the spring feeds the block-holder forward as the 
work becomes reduced until the nuts G come again 
into contact with the screw E, acting as stops to 

revent further reduction. Compensation is made 
or the wear of the block by teoling the screw E 
forwards, which does not affect the previous setti 
of the spring. It will be noticed that the screw 
by which the bottom block is adjusted passes 
through a slot in the upper block-holder A, this 
arrangement being adopted to secure a central 
thrust. 

The steady shown in “Figs. 343 and 344 is in 
principle similar to that in Fig. 342, the chief differ- 
ence being that the bottom block is made reversible 
to take maximum and minimum diameters—this 
instead of having separate pivot-holes. The upper 
block-holder has the range of adjustment, the 
spring contact, the dead stop, and the central- 
thrust screw to the lower block, as in Fig. 342. 

Fig. 345 shows one of the standard Churchill 
solid steadies. Except in the absence of springs it 
resembles that shown in Fig. 342. It has a large 
capacity for adjustment longitudinally by the move- 
ment of the slotted holder with its screw, and 
vertically by the provision of three holes for the 
insertion of the pivot of the lower holder. The 
adjusting-screw is also located centrally, passing 
through the upper holder. 

Figs. 346 to 348 show a standardised design of 
is suitable for one of the smaller sizes o' 
Churchill grinders—the 4-in. swing. The body is 
secured to the table by the bevelled plate and screw. 
The steady-shoe, which is a block of wood, as shown, 





or of bronze or steel, is held in a shoe A by means 
of the screw O, and is adjustable along a pivoted 
holder B, which is pivoted in the y and 
adjusted round the pivot by the screw D. The 
linear position of the shoe A which carries the 
block is set by the nut E. 

A steady designed for dealing with large dia- 
meters is seen in Fig. 349, and is an interesting 
example of a rigid design, confined in a small space 
owing to limitations in the swing of the machine. 
A steady shown by Figs. 350 and 351 is specially 
designed for service on the automobile cam-shaft 
attachment, which was illustrated on page 51 and 
Plate III., of the present volume. is, also, is 
locked. when set on the bearing, while the cams 
are being ground. The horizontal adjustment is 
effected by the screw A at the rear, with a lock- 
nut. The range of adjustment is that afforded by 
a slot in the Tody. Vertical adjustment is pro- 
vided by the pivot a and the central screw B, in 
opposition to the short tightening-screw C. The 
upper steady D is adjusted and secured by the eye- 
belt E, to receive which D is slotted. It is ful- 
crumed on the lower one at b. 

Figs. 352 and 353 represent a peculiar form of 
steady designed edie for grinding rams of 
2 ft. 8 in. diameter. Being of large dimensions, a 
body is made in two portions fitted to the table 
of the machine. The body A of the upper portion 
is gripped to the Y’d edges with a clamp plate B. 
The adjustment of its shoe is effected by a screwed 
stud C with nuts for locking it. The body D of the 
lower portion rests and is slid upon the table there, 
and the shoe Eis pulled into contact by the bolt F. 
This is sufficient, because the shoe is located 
beyond the centre. 

or some classes of textile work, the steady 
shown in Figs. 354 and 355 has been designed by 
Messrs. Churchill. The amount to be ground off 
is so extremely small that the steady remains abso- 
lutely fixed after being set. It is also suitable for 
encircling a portion already ground while adjacent 
are being reduced. A clamping-plate and 
screw are employed to bind the body to the table. 
The holder A is pivoted in two rollers a, a, 
which can be moved freely in a capped parallel 
recess in the upper part of the body. The rollers 
a, a, which carry the pivot, are adjusted longitu- 
dinally by the end screw B without any spring in- 
sertion, and the arm is clamped by the upper 
screw O after the vertical setting has been effected 
by the screw D towards the front. This screw has 
a central thrust, and is clamped, when set, with a 
screw b through the split lugs. The wood blocks 
are attached to the holder with screws. The upper 
block is carried in a cap E held down with an eye- 
bolt. The cap can be drawn away from the bolt 
for the purpose of removing the work. It is ful- 
crumed, as seen, into the holder. 

The automatic ball-feed shown by Fig. 356, is a 
link between the rigid or the spring design, and the 
later fully automatic designs, in which the steady 
is fed towards the work. In Fig. 356 the ball A, 
tending to move downwards in its inclined groove 


by gravity, presses the long arm of the pivoted top- | be 


holder B upwards as the work becomes reduced, so 
closing the steady at the other end on the reduced 
diameter. There is thus no readjustment of the rest 
after it has been once set. The body is clamped to 
the \/'d edge of the table, and the shoe is adjusted 
longitudinally with the screwed stud C at the rear, 
vided with lock-nuts. The vertical adjustment 
is made with the abutment screw D at the front. 

The latest development is that of simultaneous 
and automatic movement of a row of solid steadies, 
to avoid the individual setting by hand. A novel 
design of this kind, Figs. 357 and 358, has been 
introduced by Messrs. Churchill. It avoids the 
repeated resetting of the range of steadies as the 
work becomes reduced, by providing means for 
feeding them forward simultaneously as the grind- 
ing proceeds, Also it arrests the feed when the 
work is finished, even though the attendant neg- 
lects to stop the machine. This is accomplished 
primarily by the contact of an arm D with the 
rounded head W of a vertical standard attached to 
the bed, and which is struck by D during the 
passage of the moving work-table. 

The cradle A of the steady, clamped on the 
slope of the work-table, terminates at the back in a 
jaw a, which embraces a bush b, together with a 
ratchet-wheel B and a cam C; these being in one 


piece, and being moved in unison through the 
action of the lever-arm D and a pawl F above, in 
engagement with the ratchet-wheel B. The stroke 





of the lever and the number of ratchet-teeth passed 
by the pawl are regulated by a set-screw G, which 
Pri the upper jaw a, and becomes a stop 
or a projection c on the pawl-lever D, and so 
regulates the stroke of the lever and the number of 
teeth taken by the pawl F. A spring plunger d in 
the lower jaw acts on the projection c, to return 
the lever Db ready for the next stroke. One por- 
tion of the steady H is pivoted at one end to the 
cradle A by a stud o. A steel plate P is attached 
to the other end of the steady, to rest upon the 
cam ©. The lower block-holder O is pivoted to H, 
either at e or f, in order to accommodate it to a 
range in diameters of work. The shaft R, being 
ground, is sprung upwards by the necessary amount 
to obtain rigidity by the bottom support O by 
means of an adjusting-screw S that passes through 
the body H aa presses on the end of the support 
O. After the adjustment is made, the screw is 
locked by a pinching-screw g. The upper block- 
holder, the actual back-rest T, slides in the body 
H, and is adjusted radially by a screw U, which is 
locked with a pinching-screw. 

The automatic action will now be readily under- 
stood. When the work-table is nearly at the end 
of its travel, and the plate P is resting on the 
smallest radius of the cam C, the pawl-lever D 
meets the rounded part W on the pillar, and is 
pushed inwards in the direction of the grinding- 
wheel Y. This movement causes the pawl F to 
turn the ratchet-wheel B through one or more 
teeth, depending on the setting. The cam C, 
turning with it, lifts the body The back-rest 
T therefore moves towards the work R by an 
amount which corresponds with the forward move- 
ment of the grinding-wheel Y. In this way the 
reduction in diameter of the work is compensated 
for. The operation is repeated at each stroke of 
the table, when the pawl-lever D meets the face W 
on the pillar. The bottom support O requires no 
further adjustment, because the work is sprung by 
the pressure of the screw S, and the reduction in 
diameter is compensated by an equivalent return 
of the work to its natural position. 

The auto..atic arrest of the feed is effected by 
catting away a few teeth from the ratchet at a 
point which pear pe with the top lift of the 
cam ©. The pawl F will then slip on the ratchet 
B without turning it, and the feed of the steady 
ceases. After the work is taken out, the cam, 
with its parts, is returned to its correct oo 
by turning the ratchet-wheel B by hand at the 


- iy Z. 
It will be seen that the feed adjustments all 
take place on the upper steady-block which is 
pivoted at o, and that the block is roe on the 
cam, which is operated by the ratchet-wheel and 
pawl at each reversal of the table, harmonising 
with the feed of the grinding-wheel. The lift of 
the cam is designed to feed the upper steady- 
block to the work by the amount to which the 
grinding-wheel is fed forward. That is, for a 
given number of teeth passed on the automatic 
wheel-feed, a corresponding number of teeth will 
passed on the ratchet which operates the cam. 
When the cam has lifted the block to its maximum 
height, the ratchet ceases to operate, for which 
the blank space mentioned is provided on the 
ratchet-wheel. To set for a first piece of work, the 
cam is brought to its highest position, so that the 
cam sizes all succeeding pieces without any inter- 
ference with the adjusting-screws. ; 

Fig. 359, on Plate XX XIII., shows the applica- 
tion of the automatic feed to a row of steadies. A 
key-grooved shaft A is required, and one cam for each 
amy that is fitted. The single-ratchet mechanism 
operates them all through the medium of the shaft. 
In this figure the ratchet-lever is seen at D and 
the fixed projection at W. ‘ 

In a patent by the Norton Grinding Company, 
illustrated by Fig. 360, provision is made by 
which a series of steady-rests are all controlled by 
the two end ones, and are simultaneously and 
automatically checked at a predetermined point, 
causing the grinding to cease. In this arrange- 
ment the part A of the rest which carries the 
shoe is mounted in a body B, which slides on the 
vertical face of the bed, to which it is clamped with 
a pivoted gib ©, to facilitate rapid dismantling. 
The rear end of the holder A has a spherical sur- 
face to receive the radial pressure of a screw D for 
the purpose of adjustment. But the adjustment 
is made through a pinion E, which is carried by 
the screw D, and engages with a rack F, through 
which simultaneous adjustments are imparted to all 
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the rests in the row. Each rest is supported on a 
roller G, which moves on the bed of the machine, 
and which is adjusted vertically by means of a 
screw H, also operated by a pinion J and a rack 
K, similarly to the radial adjustment. 

The two racks F and K are connected at one end 
by a slotted yoke, not indicated, through pivoted 
heads on the racks. A spring attached to this 
yoke at one end, and to the back-rest at the opposite 
end of the machine, connects the latter with the 
yoke. The yoke is moved along a slotted guide by 
a looped handle. As all the rests are connected by 
the racks, they are all controlled by the end ones 
next the machine centres, where there is no bend- 
ing of the work. To check the feed movement at 
any desired point, the pinions E and J have each a 
hub, on which a split ring L is clam to the hub 
and screw. The ring M has a projection with an 
adjusting-screw N, which engages a stop O on the 
back-rest, and thus prevents movement of the 
rests beyond the point predetermined. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 

In our issue of last week we gave an account of 
the earlier proceedings of the meeting of the Insti- 
tution of Naval Architects, held in the hall of the 
Royal Society of Arts on the 12th and 13th inst. 
We now proceed with our report of the subsequent 
meetings of the session. 


Toe Marine Diesen ENGINE AND ITS 
PossIBILIT#Es. 


The first paper taken at the evening meeting of 
the 12th inst. was entitled ‘‘ A Brief Summary of 
the Present Position of the Marine Diesel Engine 
and its Possibilities.” It was read in abstract by 
the author, Engineer-Lieut.-Commander W. P. 
Sillince, R.N.(Ret.). We reproduce this paper in 
full on page 388 of the present issue. 

The discussion was opened by Mr. J. T. Milton, 
who stated that two years ago he had read before 
the Institution a paper having a similar title. He 
(the speaker) had experience with mercantile ships 
only, and could not discuss the application of 
Diesel engines to warships and submarines. The 
author, on the other hand, had given more 
attention to their application to warships, and 
he (the speaker) was pleased to note that there 
was some scope for the engines in warships other 
than submarines. In one part of his paper the 
author had stated that there must be some sub- 
stantial advantages to justify the change from 
steam to Diesel engines. In the case of warships 
one great advantage was that the staff on board 
ship was enormously reduced when Diesel engines 
were fitted. Steamers required a large number of 
stokers if the boilers were coal-fired, and even when 
the boilers were oil-fuel fired they needed a larger 
staff than ships of the same power propelled by 
Diesel engines. It was most important to reduce 
the number of the personnel, and that was espe- 
cially desirable in the case of destroyers. The 
author’s table showing the applicability of the 
Diesel engine to large powers contained very in- 
teresting figures, with which he (the speaker) quite 
agreed. In this table the author had only dealt 
with double-acting cylinders, but with four lines of 
shafting and single-acting engines the required 
powers were obtainable by using a different type of 
engine. He (the speaker) here referred to the 
Junker type, and such an ‘‘ opposed piston ” type 
had been experimented upon by Messrs. Doxford, 
who had found it a very reliable one indeed. With 
it one could obtain the power required on four lines 
of shafting. In the case of the engine No. 4 in 
the author’s table, the working height above the 
crank-shaft was given as 21 ft. ; that was a height 
of about seven times the stroke, In the opposed 
piston type there was a very much less total 
height of theengine. The ‘‘ opposed piston” type 
had the advantage that in each cylinder there were 
two pistons, and in each cylinder the speed was 
2000 ft. minute on two pistons. The engine 
built by Messrs. Doxford not reached finality 
yet, but it was very reliable and very secure. 
Instead of going in for excessive ures to a 
maximum of 750 lb. per sq. in. and a mean pres- 
sure of 120 lb., it was wiser to maintain a pressure 
of 500 lb. per aq. in. and use larger cylinders. One 
condition in the Diesel engine was that it had to be 
made strong enough to resist that high pressure. 
Messrs. Sulzer obtained a mean pressure of 115 Ib. 
A most successful engine was that built by Messrs. 





Burmeister and Wain ; the Suecia was fitted with 
engines of this make, in which the maximum pres- 
sure was 500 lb., and the mean pressure only 88 lb. 
ad sq. in. Striving after economy, Messrs. Dox- 
ord worked to the above-named maximum pressure 
of 750 lb., and a mean pressure of 120 Ib., which 
figures were higher than those of any other makers. 
e speaker then added that the proportion be- 
tween the maximum loads and the loads on the 
— should be lessened, and this could be done. 
e most important part of the author's paper 

was to the effect that with very few exceptions the 
marine Diesel engine had been evolved and deve- 
loped on the Continent, where the largest experi- 
ence had been gained and the most p: e. 
The author’s expectation that matters in regard to 
Diesel engines, as far as Great Britain was concerned, 
would soon be righted, he (the speaker) hoped would 
come true. The author had also advocated com- 
plete collaboration between the various depart- 
ments of one firm and interchange of ideas between 
builders and users, and this, according to the 
— was most desirable. He, however, feared 
that as far as the matter concerned British builders 
and ey a frank interchange of ideas would not 
result. 


to do on the subject of applied science, but he, 
nevertheless, feared that the Government would do 
nothing ; and as far as interchange of ideas went, if 
this came about, it would be due to the action of the 
builders themselves. If all the makers combined 
together and investigated jointly the various pro- 
blems, the Diesel-engine industry would be greatly 
benefited thereby. In the Institution information 
was exchanged between members, and he felt sure 
that each member generally received more than he 
gave, and the same would apply were the Diesel- 
engine builders to act collectively, as had been 
suggested by the author. If the belief were held 
that any firm had a monopoly of knowledge, this 
was certainly wrong, and matters in respect to the 
point aimed at should be facilitated by the fact 
that after the war every firm would have as much 
work as it could cope with. 

The author had- referred to the difficulties met 
with in regard to castings, and had mentioned 
‘*semi-steel,” a cast iron containing a percentage 
of steel. In regard to cast iron, he (the speaker) 
was of opinion that engineers did not know much 
about it, whilst they could have known much more 
had they collaborated together. He (the speaker) 
had witnessed most marvellous tests carried out on 
cast iron in a Continental works ; the material was 
hard and strong, it had withstood a large number of 
impact tests, and had a high tensile figure. The 
metal called ‘‘ semi-steel” was made in crucibles, 
and not in a cupola, for in this latter the steel 
added would take up carbon. This question of the 
metal was one on which information was wanted, 
and if six firms tried to reach a solution inde- 

ndently one of the other, the expenditure was six- 
old, whilst one could do the work and hand over 
the results to the others. 

The author had referred to an important point— 
namely, the trouble which arose through fuel-valves 
acting badly and the manner in which the fuel was 
introduced into the cylinders. He (the speaker) 
could corroborate this, for to his knowledge 
an economy of LO per cent. had in one instance 
been realised by a change in the fuel-valves. He 
also agreed with the author in advocating a complete 
interchange of ideas between the builders and the 
users of Diesel engines. 

Mr. W. T. Batho, who followed, found the points 

ut forward by the author in regard to the possi- 
bilities of the Diesel engine on warships most in- 
teresting. But he did not agree with him when he 
said that not much progress had been achieved 
during the last eighteen months. The difficulties 
which surrounded the large types of Diesel engines 
had been solved, and the speaker mentioned the 
fact that a 2000-brake horse-power cylinder had 
been thoroughly tested, showing that 10,000 to 
12,000 brake horse-power could be put on one 
shaft. This cylinder was 39.4 in. in diameter for a 
stroke of 43.3 in., two-cycle, single-acting ; this 
size would be suitable for a battleship. The work- 
ing height was 20 ft., and there would be sufficient 
8 in the engine-room to allow of dismantling. 

he weight was 165 lb. per brake horse-power and 
the load on the piston was 350 tons. en the 
engine was first run, few difficulties were en- 
countered ; the only trouble was with lubrication, 
but this was quickly overcome. The engine had 


A large number of statements had been | 4 
made of late as to what the Government was going | 0 





been thoroughly tested in running for 13 hours at 
1000 brake horse-power, 6 hours at 2000, and 
2 hours at 2100 brake horse-power. The fuel con- 
sumption at full load had been 0.44 lb. per brake- 
horse-power hour. There had been no mechanical 
difficulty. When the engine was dismantled every 
— rt was found to be in perfect working 
order. poet =e of 400 to 500 horse- 

wer per cylinder were to-day a possibility, weigh- 
fog about 66 lb. brake horse-power. i, wan ® 
mistake to cut down the weight. All the troubles 
in Diesel engines could be overcome, and it had 
been a mistake at first to design them on the 
lines followed for steam-engines. 

Mr. C. H. Wingfield, speaking with reference to 
Mr. Milton’s remarks as 8 cast iron, said 
that cast iron stood fatigue if the stresses were all 
on the same side, always exerted in the same 
direction. The direction of stress should never be 
reversed. Ag i peter might be com- 
pressed together an terwards show a good 
spring. Mr. Milton here stated that the tests he 
had witnessed on the Continent had been reversed. 

Mr. B. P. Fielden, who followed, gave particulars 
of two ships similar in construction, one fitted with 
uadruple-expansion engine burning coal, and the 
er with a four-cycle Diesel engine. The latter 
was able to carry 600 tons more cargo, owing to 
the saving in weight of fuel and water. An advan- 
tage was that in the case of a Diesel-engined ship 
there were no steam losses when the ship was lying 
idle ; less men also were required, and the main- 
tenance of full speed was not influenced by the men 
being adversely affected in hot weather. There 
were also less radiation losses. The possibilities of 
the Diesel engine were mostly of a commercial 
nature ; and, as regarded consumption, when the 
fuel bill in a steamship was 6d., the corresponding 
figure for a motor-ship was 2d. 

Mr. G. Windeler mentioned that in his works 
the draughtsmen frequently went into the shops 
to help the workmen out of any difficulty they 
might meet, and thus any defect in details 
of design was brought home to the draughts- 
man. In regard to the actual running of the 
engines, difficulties frequently arose through lack 
of experience on the part of the men who 
attended the engines. The Diesel engine was 
a comparatively simple one when it was under- 
stood, although it might seem complex to a 
man who had not had much to do with it. 
Mistakes had also been made by making one 
detail part to have several functions, as, when a 
failure occurred, it was very difficult to trace 
the failure to its right source. Difficulties largely 
occurred through the water-spaces getting clogged 
up; there should be ample cleaning spaces, and 
there should also be lations dealing with 
periodical cleaning out. He contended that the 
research work in regard to cast iron had not 
all been done on the Continent. He had carried 
out such research work, and had found that cast 
iron having a tensile stress of 18 to 20 tons per 
sq. in., with a scleroscope hardness of 44, was 
good for cylinders and covers, the phosphorus 
in which should not exceed 0.2 per cent. The 
liners, however, could contain a fair amount of 
phosphorus. Some cast iron which was melted 
with about 30 per cent. of steel scrap in the 
cupola gave good test results. The study of micro- 
graphs for quality required much comparative 
knowledge and experience. It would be greatly 
desirable to exchange information for securing 
improvements, but he (the yer was afraid that 
in this country this was the last thing which makers 
wanted to do. Makers had been asked to develop a 
high-speed Diesel engine, and they found that objec- 
tion had been raised against high speed on theground 
that combustion could not be obtained at high 
speeds. But this problem had been tackled ; high- 
speed engines had been built and they were work- 
ing satisfactorily. There was sufficient capital and 
organisation in this country for doing all that was 
done on the Continent, but, unfortunately, British 
manufacturers were far too short-sighted to 
out investigations or to allow those who could to do 
so. If the combustion of the fuel in the cylinder 
was taken as an instance, it would be found that 
about as much was known about the point as about 
the Zeppelins, and when more was known many 
troubles would be overcome. The exhaust gases 
should be maintained as clean as possible, other- 
wise the would destroy the valves and other 
parts of the engine. 

Commander Sillince, in his reply to the discus- 
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sion, said that the Junker type of engine gave 
artificially a stroke quite as long as the throw of 
a crank; this had advantages but also disadvan- 
tages. Personally, he believed, especially in the 
case of higher-power engines, in having a sup- 
port between each crank and the next, and this 
was not possible in the case of the Junker engine, 
unless the particular advantages of that engine 
were suppressed. The reduction in the number 
of stokers required was a most important advan- 
tage of the motor-ship. It would have been 
interesting to add to his table the fi covering 
single-acting engines, and also those for the 
Junker type of engine, but he had limited himself 
to the tendency which ruled for very large units. 
Single-acting engines had been constructed ex- 
erimentally of practically the same power as the 
eee units of double-acting engines. A lower 
maximum = for the same mean pressure 
was very effective, and it would be worth while to 
work on that line. He was not able to deal now 
with the points raised in regard to cast iron. The 
‘*semi-steel” he had seen had been made by 
adding steel turnings to the metal, run out 
of the crucible in the same way as_ nickel 
was added to molten steel. As regarded col- 
laboration, there was no doubt that we were 
behind the times; the necessary information 
should be common property among the people 
who would be able to use it, thereby allowing them 
to meet foreign competitors. As to the lack of 
progress made during the last eighteen months, he 
believed that only one Continental firm had pro- 
gressed during the time; manufacturers were 
generally busy in making engines on their stan- 
dard sizes, and they were naturally making as many 
as they could whilst there was a g market. 
Mr. Wingfield’s remarks on cast iron were in- 
teresting, and he (the author) found that we did 
not know much concerning that metal. Trust had 
to be reposed in the men who bought the pig-iron 
and in those who mixed the brands and produced 
the cast-iron parts. He thought that the Board 
of Trade might show some interest in the Diesel 
engine for marine and other purposes, and when 
matters commenced to settle down after the war 
the British Colonies would look to this country to 
supply them instead of foreign builders. It was 
the duty of British manufacturers to satisfy their 
demands thoroughly. 

On the motion of the President, the author was 
— a hearty vote of thanks for his contri- 
ution. 


On tHe Co-ORDINATION OF PropeLtER REsuLTs. 


The next — taken was one ‘* On the 
Co-Ordination of Propeller Results,” by Mr. J. 
Denholm Young, Wh. Sc. ; it was read in abstract 
by the author, who explained that his object had 
been to make more rapid and convenient the use 
of the constants, efficiency values, blade-width 
values, and other data already established by 
Mr. Froude, Mr. D. W. Taylor and others, and to 
compare actual results of large propellers with 
these values, with a view to obtaining guidance in 
the solution of propeller problems under varying 
conditions. He also explained his construction and 
use of a logarithmic field diagram, and showed how 
it aided the rapid solution of any variations of 
the problems to be met with, without further 
calculations. 


Nore on Maximum Peoprctusive Errictency oF 
Screw PRopecviers. 


The paper having the above title, by Mr. T. C. 
Tobin, was then taken as read. 

Mr. 8. Barnaby, in a few words, said he appre- 
ciated the value of Mr. Young’s paper and the work 
he had carried out from the experiments in the 
Froude and Taylor tanks, with the addition of full- 
size experiments. In this most interesting work he 
had followed Captain Dyson in the latter’s work in 
the United States. Mr. Tobin co-ordinated the 
results of experiments obtained in air and water, 
and tried to deduce from these the limiting pro- 
peller efficiency possible. He (the speaker) added 
that he had also worked on the same ons, 

Mr. W. J. Luke, who followed, added his appre- 
ciation to that of the former speaker, and welooméed 
Mr. Young's paper from the point of view of the 
information it gave from actual ship trials. The 
results were cast in a new form, ant if they were 
carefully followed up, more engineers would be 
encouraged to analyse propeller results than had 
been the case in the past. When actual ship trials 





were fortunate, no examination was carried out, 
but when they happened not to be successful an 
examination of the-conditions that obtained fol- 
lowed. It was neces also to look into the con- 
ditions which obtained when the trials were satis- 
factory, with a view to gain experience; to ascertain 
why ships varied so much in propeller capacity as 
they did Therefore every attempt that was made 
to set out the model experiments in an attractive 
way was to be recommended and was welcome. ° 

Mr. Young thanked the meeting for the way in 
which his paper had been received, and agreed with 
the statement that the steam-trial records should 
be thoroughly gauged. It was, of course, cheaper to 
work from the tanks, but figures from actual trials 
added to the tank experiments would give valuable 
data. He was grateful to Mr. Barnaby, who was 
our greatest authority on propellers, for his appre- 
ciation. 

Both authors, on the motion of the Chairman, 
were cordially thanked for their contributions. 


Sus-Drvision or MERCHANT VESSELS. 


At the morning meeting of Thursday, the 13th 
inst., three —— on this subject were discussed 
together. e first was on ‘* Sub-Division of Mer- 
chant Vessels: Reports of the Bulkhead Committee, 
1912-15,” by Sir Archibald Denny, Bart., repro- 
duced on page 372 of this issue ; the second, on 
‘*Strength of Water-Tight Bulkheads,” by Mr. J. 
Foster King, given in full on page 372; and the 
third, on ‘‘Some Effects of the Rulkhead Com- 
mittee’s Report in Practice,” by Mr. A. T. Wall, 
which we hope to reproduce later. 

The discussion was opened by Professor J. 
J. Welch, who confined his remarks mainly to the 

per by Mr A.T. Wall. He, however, noted that 
Me. Foster King had correctly remarked that it was 
impossible to use the strain-indicators to the best 
advantage. One of Mr. King’s experiments was 
to ascertain the extent to which the bulkhead 
plating was working with the stiffener, and he (the 
speaker) showed on the blackboard the application 
of two strain-indicators, one on the flange and one on 
the web of the 5j bar ; the readings obtained under 
different heads of water stress gave the zero stress 
and the position of the neutral axis. The results 
showed that as the head increased so the neutral axis 
moved more and more towards the plating, until 
under full heads the position of the neutral axis 
agreed with the calculated neutral axis. He also 
agreed with Mr. King that he was fortunate in being 
able to see the experiment at Messrs. Doxford ; 
the bulkhead used was deeper than the lower 
portion of the bulkhead of the Committee, and the 
experiment showed the soundness of the Com. 
mittee’s work. 

Mr. Wall’s paper gave some very interesting 
particulars, showing the effect of the Bulkhead 
Committee’s rules in special cases, and also made 
some suggestions as to methods of using the infor- 
mation in the report for design purposes, and as to 

ible simplification. As to the first , the 
illustrations clearly showed that in general the new 
requirements were in excess of those hitherto asked 
for, with consequent increased chances of safety 
after accidents, and Mr. Wall further showed that, 
like most other desirable things, this had to be paid 
for. The price, though substantial in some cases, 
did not seem excessive, and the effect of the rules 
on design would be good, inducing larger freeboard 
ratios in the smaller types in order to get reason- 
able sub-divisions. 

The author noted that the initial work to be 
carried out before the floodable lengths could be 
lifted was quite appreciable, as it undoubtedly 
was, but it was difficult to see how this could be 
altogether avoided if the spacing of bulkheads was 
to be arranged in accordance with the variants 
which must be considered in any logical system. 
If there was distinct variation of the new design 
from the standard form, an expert designer, from 
the information given in the Committee’s report, 
could, without appreciable loss of time, assess the 
consequent effect on floodable lengths for all 
practical purposes of the design stage. Mr. Wall 
also pointed out that if alterations were intro- 
duced during the development of the design, such 
modifications might have an effect on the +e 
posed bulkhead spacing or the draught. is 
was common experience, alteration in one element 
of design often entailing modifications in other 

iculars, and was not peculiar to sub-division 
etails. The note on permeability of ends pointed 
out that by putting cargo below the bulkhead deck 





and passengers above, the bulkheads could be 
somewhat more widely spaced on the same draught ; 
or, with the same spacing, the draught could be 
somewhat increased, as compared with a similar 
vessel with passengers berthed on deck. This 
seemed very reasonable, and certainly the pas- 
sengers placed above deck would have no cause for 
complaint. 

e (the speaker) was not aware that, as indicated 
by the author, the criterion of service was intended 
strictly to take into account the number of pas- 
sengers, but rather to discriminate as to type of 
ship. The International Conference laid it down 
that the factor of sub-division should decrease in 
a regular and continuous manner as for given 
length. This decrease was to be regulated by a 
“criterion of service.” It was easy to argue that 
any one of several factors, such as number of 
passengers carried in relation to length or ton- 
nage, per cent. of volume devoted to cargo or 
to machinery, &c., should be looked upon as 
the dominant characteristic and adopted as the 
sole criterion of service. The question was care- 
fully considered by the Bulkhead Committee, and 
it was deciled to recommend a single criterion in 
which the several factors had one weight, and not 
one factor only. If number of passengers only 
had been taken, then, in the case cited by Mr. 
Wall, it would have been necessary to adopt 
different load-lines in the two cases. 

The author had pointed out that a ship with a 
factor of sub-division of 0.5 was not what was known 
as a two-compartment ship throughout. On the 
average it was so, being a little in excess amidships 
and slightly in defect at the ends. This was well 
recognised by the International Conference and 
Bulkhead Committee, and the terms ‘‘ one-compart- 
ment” and ‘‘two-compartment”’ vessels did not occur 
in their reports. In getting gradually increasing 
severity of sub-division with increase of length, the 
one-compartment type first merged into the two- 
compartment type amidships, and finally through- 
out. In any system it was difficult to avoid 
** steps” at certain points, and in some methods of 
sub-division a feat of ship a foot more or less in 
the region stated critical length was accompanied 
by distinct difference in bulkhead requirements. 
Mr. Wall mentioned in this connection what he 
called an anomaly where the factor of sub-division 
was round about 0.5. To introduce a certain 
amount of flexibility in design, the International 
Conference recommended that where the factor 
was 0.5 or less it might be doubled to give the per- 
missivble length of two adjacent compartments. 
This permitted the use of a long in connection 
with a short compartment, the long one being 
necessarily therefore longer than the permissible 
length of one compartment. On ships having a 
greater factor than 0.5 it would be less safe to 
allow this flexibility. In the example given in the 
paper, closer agreement might be obtained by 
moving the machinery compartments somewhat 
further aft in the vessel governed by the permis- 
sible length of one compartment. As to the accu- 
racy obtainable in practice, the report of the 
Bulkhead Committee clearly pointed out that even 
if methods of complete accuracy could be employed, 
the safety obtained could only be relative and con- 
ditional. -It was obvious that on a particular 
voyage the permeability might differ materially 
from that assumed, so that accuracy in that sense 
was obviously not possible. But this factor of 
uncertainty was more or less common tw all seagoing 
vessels, and having once fixed the standard of 
permeability, it seemed reasonable to say that a 
designer who adopted a form of ship which allowed 
of wider spacing of bulkheads with pe safety 
should be allowed to take Advantage o this, and 
the more accurately this could be done in reason 
the better, so as to be fair between ship and ship. 

As to the strength point mentioned by Mr. Wall, 
it appeared as though it was assumed that 4 per 
cent. of the longitudinal material would be saved 
by a decrease of 4 per cent. in the maximum bend- 
ing moment near amidships. If this was 80, he 
(the speaker) thought Mr. Wall would find that that 
was a distinct over-estimate of the possible saving. 
The author had suggested approximations which 
would allow the stan particulars to be recorded 
in more compact form, and he (the speaker), took 
it that every one would be glad if this were pos- 
sible without sacrifice of acc . He assumed 
that freeboard ratios less than 0.2 were unlikely 
to be met with in future, and he (the speaker) was 
inelined to agree with him: But healsesaid, quite 
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correctly, that there were many vessels now in exist- 
ance with 0 1 freeboard ratio (some indeed had less), 
and under existing circumstances, therefore, it was 
necessary that responsible officials and designers 
should have information respecting such low free- 
boards. The assumption was made in Fig. 17 that the 
alteration of floodable length for a 0.05 alteration 
of sheer ratio was independent of permeability and 
freeboard ratio, which might easily lead to an error 
in floodable length of about 14 per cent. of the 
ship’s length for an alteration of 0.1 sheer ratio. 
This might be a useful quantity to a de-igner 
at a certain critical point, and well -worth a little 
extra trouble. In the simplified curves, no 
note was taken of the alteration in longitudinal 
position of centre of flotation of mean water plane 
with modification of freeboard ratio, nor of the 
variation of sectional area coefficient 8 with altera- 
tion of sheer ratio or freeboard ratio, details which 
were required when dealing with forms other 
than the standard. It was true that the author 
suggested that the comparison between new and 
standard forms should be made, not at the actual 
freeboard and sheer ratio of the new ship, but at 
some previously fixed - upon standard value; in 
that case certain percen would need to be 
added to or subtracted from floodable lengths so 
obtained, to get these for the ship at her actual 
freeboard and sheer ratios, so that altogether he 
(the speaker) was not sanguine that much time 
would be saved in the process. 

Tt was fully anticipated by the members of the 
Bulkhead Committee that auxiliary curves could be 
constructed in the different desiguing offices, from 
the information given in the report, to cover the 
usual range of freeboard ratio, sheer ratio, per- 
meability and type of ship dealt with. In that case 
the elements of a new vessel could be readily com- 
pared with those of existing ships, and all necessary 
tloodable length curves obtained with a near ap- 
proach to accuracy. The author had shown what 
he had done in this direction so far as standard 
forms were concerned, and no doubt others were 
recording floodable length curves for their own 
special-type ships. Such accumulation of data 
would, as in other departments of design, reduce 
to a minimum the labour of fixing the position 
of bulkheads according to the Committee’s recom- 
mendation. 

Commander Boris, of the French Corps of Naval 
Architects, who followed, said he was very happy 
that the chances of the war had led him to come to 
the meeting. The fact that the Committee had 
been working in a humanitarian direction during 
the present war was a highly creditable one. It 
was significant that the Committee was most 
probably sitting during the week in May last ata 
time when the Lusitania was being sunk. Also 
that the man who was responsible for the sinkin 
of that ship was the same one who had initiated 
the International Conference on Safety of Life at 
Sea. He (the speaker) was greatly interested in 
the classification which Sir Archibald Denny had 
made of various systems of sub-division. At this 
stage the speaker sketched on the blackboard a 
ship’s section having a longitudinal bulkhead, and 
pointed out how from being dangerous in the 
centre line it had a varied efficiency, or gave no 
safety, according as it was moved towards the ship's 
side. In the matter of water-tight doors, he thought 
with Mr. Wall that the stringency of the rules 
would probably reduce their number. The matter 
reminded him of a French book on poetry which 
contained a chapter entitled ‘* Poetical Licences,” 
followed by the subject-matter which only stated 
‘There are no poetical licences.” He (the speaker) 
thought that a book on water-tight doors would 
simply state ‘*There are no water-tight doors.” 
He was very much interested in Mr. Foster King’s 
paper, and thought that every naval constructor 
would find in it much to meditate upon and to 
take into account in design ; the concluding sentence 
was an especially striking one. 

The work of the International Conference was 
hard ; it could not be final, and was bound to be 
complicated. Improvements were in a sense a 
simplification, and there was room for a large 
number of simplifications. Mr. Wall’s paper was 
valuable as showing how simplifications were to be 
looked for and worked out. The term “criterion 
of service” was a term which had given the greatest 
trouble ; the choice of a criterion was not easy, 
oy had to give it up at the International Con- 
— and leave the matter to other workers. 

he French delegates had had in mind a very 





simple criterion ; it was no doubt too simple, as it 
could not be improved upon. It was the speed ; 
the specified speed one could not be sure of when 
designing the ship ; broad assumptions, which are 
permissible, should also be allowed in rd to the 
speed. Speed varied from, say, 10 knots for a cargo- 
boat to 25, 28, and prospectively 30 knots in the 
case of « liner ; but it should be acknowledged that 
the grouping of all types along this co-ordinate 
was probably not the best. Engineer Rota’s speed 
over length was perhaps better, or perhaps, again, 
length of engine-room to length of ship, or even, 
in, the coefficient of fineness, or perhaps a com- 
bination of all. Permeability was a factor neces- 
sarily taken into account during calculations, and it 
might be taken into account in the criterion. 
Another point on which he (the speaker) was 
very keen, and this obtained generally on the 
Continent also, was the question of stability. He 
was always nervous in regard to stability. In 
this there were two factors, and Mr. Wall had 
pointed them out quite clearly ; modulus was one 
factor, and reserve stability was another. The 
modulus generally increased by flooding, even during 
the flooding, whilst reserve stability was altogether 
different, and was even more important. Dynamic 
stability in flooding condition bore a great relation 
to the undamaged condition. Here the speaker 
drew a curve on the blackboard which fixed the 
longitudinal stability, and pointed out that a similar 
one could be drawn for the transversal stability. 
Accuracy in practice was the point they were all 
aiming at, but they had no illusion on the subject 
and some assumptions were. bound to be approxi- 
mate. Approximations might be made leading 
to simplification, and this would save time and 
money, resulting in an increase in the efficiency of 
shipbuilding, and in that of the whole nation. He 
favoured everything that made for simplification, 
even when this was surrounded with a xima- 
tions. He was pleased to see in Mr. Wall’s paper 
the suggestion of percentage curves ; these would 
come in practice to allow designers to improve their 


types. 

Mr. P. A. Hillhouse, who followed, said he found 
a Wall had done a large amount of useful work. 

e 
fi ble length curves more simple ; the author's 
curves would be most useful, but as printed they 
were rather difficult to read, and the different lines 
should be made in different thicknesses or in 
various colours. In regard to placing the pas- 
sengers above the bulkhead deck, this might be 

ible when they were not in large numbers. 

ith reference to the reduction of scantlings for 

reduced draught, he (the speaker) said this was 
covered by the Load-Line Committee. 

Professor Abell, in the course of a few brief 
remarks, and with reference to Sir Archibald 
Denny’s paper, said the author had referred to the 
instance of long ripping blows, but he (the speaker) 
did not wish to discuss the subject owing to lack 
of time. He also demurred to the same author’s 
statement with reference to longitudinal bulkheads. 
In regard to Mr. Foster King’s paper, he stated 
that in some parts of the ship lug connections 
were better than brackets, and stiffeners were 
mainly of use in the initial stages; and when 
the deflection was severe both the plating and 
stiffeners were in tension. There was a difference 
between the stiffeners when the water was on one 
side or the other. Mr. Wall had done a signal 
service to naval architects and to shipowners by his 
contribution, for he had brought out interesting 
factors. A main point in his paper was that the 
rules were framed upon a predetermined coefficient 
of permeability. He suggested that Mr. Wall 
should add curves or sets of tables for determining 
the floodable length. 

Mr. Cole asked Mr. Foster King whether teste had 
been made with corrugated bulkheads, and whether 


in their case the 1 basis would apply. 
y 


Sir Archibald Denny, in the course of a very 
brief sony, said, with regard to the criterion of 
service, he hoped the public would understand that 
the reference to it in his (Sir Archibald’s) report 
was the expression of the Committee’s opinion ; the 
Board of Trade adopted the B curve, which was 
less severe. Difficulty commenced with ships of 
about 300 ft. length, when boiler arrangements were 
involved. In regard to safety, this could not be 
arrived at without paying for it. Mr. Wall’s con- 
tribution proved to be exactly what the Committee 


rsonally welcomed all work which made the | i 





had hoped for—namely, that designers would 
arrive at short cuts, t they would conceive 
methods of their own, using the Committee's 
curves. In regard to Professor Abell’s remarks, 
he confessed to having suffered from a legal politico 
attitude, and his words had to be taken with some 
care and read both ways. 

Mr. Foster King made some remarks on Mr. 
Wall's paper, and in replying to the discussion, 
thanked Professor Welch for his important addi- 
tion to the data relating to the strength of bulk- 
head stiffeners. The lowering of the noutral axis 
of the stiffener under increasing load seemed to be 
quite consistent with the other indications, that in 
the early stages each stiffener acted as a beam, 
of which the bulkhead plating omega | formed a 
comparatively unimportant member, and gradually 

to the diaphragm condition where the plat- 
ing was the more important, and the whole material 
was in pure tension aay oY the greater part of 
its length. Commander Boris had, with his usual 
acuteness, placed his finger upon the central lesson 
of the experiments by his quotation regarding cer- 
tainty of movement in every bulkhead under load. 
Professor Abell, however. by indicating preference 
for one form of stiffener over another, under certain 
conditions, might perhaps help to obscure, to some 
extent, the practical application of that lesson. It 
was essential in the case of bulkheads having 
doors, and to which pipes, &c., were attached, to 
adopt the type of stiffening which would most 
effectually restrain deflection, and in all bulkheads 
to provide the oe having the least likeli- 
hood of rivet disturbance under load. Professor 
Abell’s question as to the difference between stif- 
feners which were in and out of the water respec- 
tively was answered to some extent by the Board 
of Trade diagrams, where the curves of maximum 
deflection under both conditions had been shown. 
As the worst was the most important condition, 
the superior outside — had not — 
been enlarged upon in the paper, except by refer- 
ence to the oo & which the deeper ianged stif- 
feners held on, under large water pressures, where 
they were outside the tank, and to the fact that 
the tical collapse of similar stiffeners, where 
inside the tank, merely brought that part of the 
bulkhead into the same condition as the remainder, 
as _ of the bulkhead dia . 

e was not aware that any test had been made 
of a corrugated bulkhead which was not supported 
by webs or other material, but Mr. Cole’s question 
was, in any case, one which could only be properly 
answered by the Board of Trade, or b pat soa 
that this or any other constructive method was at 
least as effective as the plane bulkhead diaphragms 
for which the Rules provided. Without in an 
way presuming to forecast the views of the Board, 


it was apparent that — values equal to those stan- 


dardised by the tables could easily be obtained 
from ms of co ions, but the fact that 
plane bulkheads could and did remain effective in 
the sense that they were not liable to disruption, 


under conditions where the ~ value of the stiffeners 


had become a matter of comparative unimport- 
ance, suggested experimental investigation in 


order to determine the value of y as a measure of 


the te of corrugations to resist deformation. 
Mr. Wall said he was pleased with the reception 
accorded to his paper. When writing it he had 
feared that it might be taken as a superfluous 
criticism of the Bulkhead Committee’s work ; 
he was very glad, however, that it had not been 
looked at in that light. Professor Welch made 
a number of criticisms of the approximate method 
given, which appeared to show that he had not 
really got away from the mathematical accuracy 
that he had in his mind when hw was setting 
out the curves of floodable lengths as given in 
the reports. The method shown in the paper 
was admittedly approximate, and, of course, there 
would be errors in its application. The question 
really hinged upon theoretical and practical accu- 
. Many things could be worked out on paper 
very closely ; but in practice a number of matters 
crept in to destroy all that had been done, and 
many assumptions made were not realised. 
ith regard to the criterion of service, it was 
uite evident from the discussion that a great 
ifference of opinion existed on the subject, and 
since a number of different suggestions had been 
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put forward in regard to it the speaker would add 
one that had occurred to him—namely, that the 
criterion of service should be taken as the ratio 
between the number of passengers and the displace- 
ment of the ship. Professor Welch had remarked 
that the Committee had realised that a 0.5 factor 
of subdivision would necessarily give a two-com- 
partment ship, but Sir Archibald Denny, in his 
paper, had stated that the Committee had adopted 
the recommendation of the 1890-91 Committee— 
ie., that Channel steamers should be two-compart- 
ment vessels, and had therefore applied to them a 
factor of subdivision of 05. No doubt this had 
caused it to be generally understood that a 0.5 
factor actually gave a two-compartment ship. (Sir 
Archibald here remarked that they were practically 
the same.) Professor Welch’ had observed that 
there was always a certain amount of trial and error 
in design, and this was quite true; but, never- 
theless, if short cuts could be taken without 
undue sacrifice of accuracy they would always 
be welcomed, and the work of designers would be 
correspondingly reduced. Professor Welch and 
Mr. Foster King had both referred to the question 
of the weight saved by the reduction in draught, 
and had queried the figure of 4 per cent. given in 
the paper. There was no doubt that this figure was 











high, and probably the value would be about 
one-third of that given. Professor Welch had 
remarked that accurate floodable length curves 
would still be necessary to determine the spacing of 
bulkheads in ships of small freeboard ratios, but, 
generally speaking, it was possible to determine by 
inspection whether a ship could still retain a small 
freeboard ratio without going into detail. Pro- 
fessor Welch had also raised one or two other 
points in regard to the approximate method. He 
had said that the variation of floodable length would 
not be equal for equal increments of sheer ratio, 
but that, of course, would have to be accepted as 
being insufficiently accurate. In regard to the 
alteration of floodable length with variation of the 
centre of flotation of the mean water-plane in the 
standard form, this might easily be embodied in 
the approximate method. The variation of the 
sectional area coefficient with sheer ratio and free- 
board ratio—although the speaker did not clearly 
understand Professor Welch's criticisms—was auto- 
matically allowed for in the approximate method. 
Commander Boris had pi. of the number of 
water-tight doors tending to decrease on account 
of the introduction of the new Rules, but, as far as 
the limited experience of the speaker had gone, 
there had always been an increase. This was 











shown in Case I. in the paper, in which the ship, 
built before the new Rules were enforced, had five 
water-tight doors, and the new one had no less 
than eighteen. It was interesting to learn that 
Commander Boris considered the Rules compli- 
cated, and that he looked forward to simplifications 
being made in them. 

Mr. Hillhouse had very properly pointed out 
that when the Rules first came into force they were 
very difficult to use, but that after some experience 
they became easier. The fact still remained, how- 
ever, that they were complicated, and even when 
made easier by constant use there was still a certain 
amount of difficulty which could not be overcome. 
With regard to the same speaker’s remarks about 
the passengers above the bulkhead deck, in the 
course of which he had mentioned that with a 
large number of third-class and steerage passengers it 
was necessary to put them below the bulkhead deck, 
the speaker quite realised this, and in the paper it 
was mentioned that the arrangement of keeping 
them all above the bulkhead deck was not always 

racticable. Mr. Hillhouse, and, later, Mr. Foster 
ing, referred to the point that the reduction of the 
scantlings for reduced draught was covered by the 
Load-Line Committee. It was, however, only 
proper to point out that the Load-Line Rules were 
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not yet in operation, and probably would not be 
for some time; so that in the meantime it was 
pertinent to inquire what attitude the classification 
societies would take up in regard to this matter. 
Professor Abell had made a very important point in 
asking for stepped curves or sets of tables for deter- 
mining the floodable length. There were, no doubt, 
great advantages to be obtained by these means, as 
the designer could get his results within the limits 
of the steps, and then small alterations could be 
carried out without making the vessel fall outside 
these limits; his work would thus be simplified. 
That, of course, was a method very commonly used 
by the registration societies. Sir Archibald Denny 
had referred to his experience with Channel steamers 
of about 300 ft. long, and this was also the experi- 
ence of the speaker. One boiler-room with a vessel 
of that length would have to be very large, and two 
were unnecessary, whereas in a boat 350 ft. long the 
boiler-power was greater, and two boiler-rooms 
would = needed ; the sub-division would therefore 
be easier. Sir Archibald Denny also said that the 
standard form gave the most bulkheads, and that 
was good enough for the designer to work on. Butif 
this were the case, Professor Welch’s criticism about 
a variation of 14 per cent. in the floodable length 
—which error, he said, would take place in the 
approximate method—was rather beside the point, 
because in going from the standard form to the 
ship form it was quite possible to get variations as 
great as 10 per cent. in the floodable length in 
certain positions, and 5 per cent. was quite common. 

On the motion of the Chairman, the three authors 
were awarded a cordial vote of thanks for their 
contributions. 

(To be continued.) 





FOUR-SPINDLE MILLING-MACHINE. 
_ Tue illustration on the opposite page is reproduced 
from a yee es of a heavy planer-type milling- 
machine designed and constructed by the In reoll 
Milling - Machine Company, of Rockford, illinois, 
U.S.A., for which firm Messrs. Burton, Griffiths and 
Co., of 1, 2, and 3, Ludgate-equare, Ladgate-hill, E.C., 
are the British agents. hines of this type are espe- 
cially suitable for the gang milling of motor-car engine 
cylinders and crank-cases, but they are capable of 
giving very — production on all kinds of work which 
has to be machined on three surfaces at right angles, 
and have many advantages over planing-machines. 

As will be seen, the machine has four spindles, two 
of which are vertical and are carried on saddles on an 
adjustable cross-rail, while the other two are horizontal 
and are mounted on the housings. The bed is of 
heavy box section, with double Gomphating ribs 
inside, and is provided with strong lugs for the 
holding-down bolts. Its length is 1} times that of the 
table, which has a total ry of 9 ft., giving o 
working surface 8 ft. long ; the difference of 1 ft. is 
sccounted for by 6-in. oil-pockets at each end. The 
width of the working surface is 2 ft. 6 in., and it will 
take work 2 ft. high ; tee-slote cut from the solid and 
pin-holes are — for fixing the work or the 
jigs. The table runs on flat slides and is operated by 
the well-known Sellers skew drive. The housings, 











which are bolted and dowelled to the bed, are of box 
section with internal bracing ribs. They are 14 in. 
wide on the face and 28 in. deep at the bottom. The 
tops of the housings are connected by a casting, on 
which the motor is mounted if electric driving is em- 
ployed, and this —— carries the gearing for 

iving the spindles ; wet a is required for 
driving the machine illustrated. The housings also 
carry & cross-rail 14 in. wide on the face and 7 in. 
deep from back to front, on which the saddles for the 
vertical spindles are mounted. The cross-rail is 
extended on the left-hand side, so that one of the 
saddles can traverse the whole width of the table, 
the other saddle then being left stationary at the ex- 
treme left of the cross-rail. A er up-and-down 
feed is provided for the cross-rail, and it can also be 
ad juste a Sagres or by hand. The transverse feed 
of the saddles on the cross-rail is obtained by the 
screws, clearly shown in the photograph, which can 
be operated by hand or power ; they can be fitted 
with micrometer collars for accurate adjustment if 
necessary. The horizontal saddles on the housings 
have & power feed, and can also be adjusted by hand 
by means of a rack and —_— These saddles are 
counterbalanced by weights suspended inside the 
housings and attached to the saddles by means 
of wire ropes passing over sheaves at the top of 
the housings. They may, however, be mounted 
on the cross-rail, and adjusted with that by 
hand or power. This arrangement is convenient 
when it is desired to use the machine with cutters 
mounted on an arbor. It is often employed for finish- 
ing the end of a long piece with a slabbing cutter, 
using the vertical feed of the cross-rail for this purpose. 

All the spindles, which are 3} in. in diameter at the 
largest part of the taper, are of hammered open- 
hearth steel, and run in phosphor-bronze taper bear- 
ings, in which provision is made for taking up the 
wear. Each spindle is carried in a quill, with which a 
6-in. adjustment can be obtained by a rack and 
pinion ; 8 scale graduated in 64ths of an inch is pro- 
vided to facilitate setting. The cutters usually em- 
ployed are of the — type, and in solid cutting 
they may be used up to 10 in. in diameter ; if the cut is 
broken up, 12-in. cutters can be used. They are driven 
by the standard Ingersoll method, in which the shank 
is merely used for centring, and the drive is trans- 
mitted by a radial key fitting in a slot in the end of 
the spindle. The cutters are held in place by a nut 
on the shank. On these machines a cutter 9 in. in 
diameter will remove 8 cub. in. of ordinary cast iron 
per minute in regular work, though as much as 
10 cub. in. can be removed in the same time. The 
method of driving the spindles will be clear from an 
inspection of the illustration, and it will be noticed 
that all the gears employed for this pu are com- 
pletely enclosed. It should, however, mentioned 
that the two vertical spindles and either of the hori- 
zontal spindles can be thrown out of action by means 
of clutches. Eight spindle speeds, ranging from 
15 to 120 revolutions per minute, are provided, 
four changes being obtained directly by the gear- 
box mounted on the casting connecting the housings, 
and the remainder by a pair of intermediate rs ; 
the two handles used for varying the s 8 can 
be seen in the top right-hand corner cf the illus- 
tration. The feeds for the table, spindles, and cross- 
rail are obtained from the gear-box seen on the 
right-hand side of the illustration at the ground-level ; 





lever on the gear-box, and these can all be altered by 
means of @ pair of interchangeable gears operated by 
another lever, so that twelve feeds are provided in all. 
The table feed from 0.6 in. to 13 in. per minute, 
and the cross-f for the vertical spindles from 
0.45 in. to 10 in. per minute ; the cross-rail feed can 
be varied from , in. to j in. per minute. Under 
ordinary conditions the table feed and ocross-feed 
cannot be operated simultaneously, but means are 
rovided to enable this to be done if necessary, as may 
the case when a number of small bosses have to be 
finished. Hand and power quick adjustments are 
also provided for all these movements, the former being 
operated by a hand-wheel on the left-hand side of the 
gear-box, and the latter by a friction-clutch and 
inside the box ; the power quick adjustment moves the 
table at about 21 ft. per minute. 

The standard sizes of these machines are made with 
tables 24 in., 30 in., 36in., 42in., and 48 in. wide, and 
ranging from 8 ft. to 16 ft. long in 2-ft. — ; 
they can be supplied with any combination of saddles. 
Special saddles, with two or three spindles each, and 
swivelling heads for angular work, can be furnished. 
Similar machines are also made with fixed cross-rails 
for use on manufacturing work in which single pieces 
havé to be machined in large quantities. 





TRANSPORTING A STERN-FRAME. 

RecrentLy the Barrow Hematite Steel Company, 
Limited, of Barrow-in-Furness, Lancashire, undertook 
to supply two stern-frames for vessels underconstruction 
by Messrs. Earle’s Shipbuilding Company, of Hull. 
On account of their large size, each frame was made in 
two parts, suitably scarfed together. The smaller 

were despatched by rail in the usual way, but 
the two larger portions had to be conveyed by some 
other means, their dimensions being greater than 
could be dealt with by the agra | —-! In the 
ordinary course, such large awkward castin 
would be forwarded by sea, but in this case the diffi- 
culty of arranging for a suitable vessel within reason- 
able time proved insurmountable. It was therefore 
decided to send the castings from Barrow to Hull b: 
road, and a suitable route had to be chosen, on whic 
the road surface was sufficiently good and the hills not 
toosteep. In making the selection, care had to be 
taken to see that any bridges to be crossed were strong 
enough to carry the weights, and also to avoid bridges 
over the road, which, especially in the case of the 
older towne and villages, are usually too low to allow 
for the of articles of the size in question. 
With these points in view, a course was traced out, 
and inspected by a ney ore | run over it by motor- 
car, the distance being 154 miles. 

Each casting was carried separately, and the above 
illustration, taken from a pho’ h, shows clearly 
the simple and effective way in which it was arranged 
for transport. The motive power was provided by a 
6-ton steam motor wagon, which was connected, for 
the time being, to a large trailer by two steel girders, 
between which the castings were slung just high enough 
to clear any irregularities in the roads, the distance 
between the trailer and the rear wagon wheels being 
20 ft. 

An important part of the business of the Barrow 
Hematite Steel Company consists of ships’ structural 
castings, examples of which, weighing up to over 
30 tons each, have been turned out complete in every 
respect, the foundries being provided with all the 
necessary plant, including engineering shops and 
annealing furnaces capable of dealing with the largest 
castings of this description. 

The transport contract in this case was placed with 
Mr. E. 8. Hodgson, of Manchester, under whose able 
supervision it was expeditiously and satisfactorily 
comple 





New Suipsvurtpine Yarps in Spain.—We read in the 
ista Minera, Metalirgica y de Ingenieria that steps 
are being taken in Spain for extending ship constructien. 
A company is being formed in Bilbao for establishing a 
new yard on the Nervidn, and if the scheme su 
there will be four shipbuilding yards at Bilbao. In the 
Asturias, a scheme is on foot for putting down a yard at 
San Esteban de Pravia, or at Avilés. At Barcelona, a 
yard is being fitted up on the shore of Casa Antinez 
mostly for the construction of large wood sailing ships 
fitted with an auxiliary boiler. 





Tue Instiruteg oF Metais.—Ouar attention has been 
eee 0 een aes the discussion on 
the paper entitled ‘* The ytic Method of Prevent- 
ing Corrosion,” on the eff that 
‘*, . . the captain adopted the Cumberland method. . .” 
The matter, we are informed, was dealt with by the 
Engine Department of the White Star Line, for which 
Mr. W. J. Willett Bruce is responsible. The ship 
referred 5 Pay eB Celtic, but the Laurentic. In 
regard to Mr. Cumberland’s paper, reproduced on page 
314 ante, tho saute 10 ant Giel the main condensers 
of the anny a not, as stated, to that ship’s boilers, 
condensers, fresh and salt-waver tanks, 
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referred to in paragraph 197. I su in view of the | better to leave these vessels to the classification societi 
SUB-DIVISION OF MERCHANT VESSELS : | tremend of inquiry, that other amendments ing, ho , that bulkheads called f air 
REPORTS OF THE BULKHEAD COM-| will be suggested, but I thick the general system will be | rubs shesid not be omitted, except where these 
MITTEE, 1912-15.* found reasonable. . entirely unavoidable, having re: 


By Sir ArncarBaLp Denny, Bart., LL.D., 
Vice-President. 


Tue Second Report of the Bulkhead Committee,t of 
which I had the honour to be Chairman, was signed on 
August 6, 1915. It deals with home-trade passenger 
vessels, and all 2 vessels, to the exclusion of sailing 
vessels, steam-launches, motor-boats, steam fish-carriers, 
tugs, steam-lighters, dredgers, hoppers, &:. Some of 
these might require attention in respect of subdivision in 
theeventof their carrying passengers, but this is left to 
pe mye may d th (a) All 

ec reported upon were thus :—(a - 
ger steamers having steam 2 certificates, whether fimited 
or unlimited. (b) Pas vessels having steam 3, 4, 
and 5 certificates. (c) All cargo vessels, whether foreign- 
going or home trade. Steam vessels holding 2, 3, 4, and 
t certificates, while divided officially into four classes, 
and by the Committee into five, have no sharp lines of 
demarcation ; some v holding all the certificates, 
and many holding three of them. ey vary greatly in 
size and in type, some of the smaller ones being little 
larger than steam-launches. It was therefore decided to 
deal with them in a broad and general manner, noting 
that there would require to be exemption in some cases, 
where the literal application of the proposals would be 
unreasonable or unnecessary. In other special cases the 
present practice might be in advance of that recommended 
generally, in which case the higher standard should be 
adhered to; in fact, as stated in the report :—‘ Our 
recommendations, in short, are intended for the ordinary 
cases, which constitute the majority of those under con- 
sideration ; and it will be for the authorities to decide on 
the modification necessary in special cases, including 
cases where they may recommend modification in exeess 
of the above-mentioned minima.” Subject to certain 
specific modifications mentioned later, it was recom- 
mended that the First Report§ should apply to al] home- 
trade passenger vessels. 

When the steam 2 vessels were examined, it was gene- 
rally noted that little or no difference could be seen 
between the larger of these vessels and vessels of the 
same size in the foreign-going class. It seemed, there- 
fore, reasonable to apply the First Report sub-division 
simpliciter to this class. Included in steam 2, however, 
there is one distinct type to which no parallel is found in 
foreign-going vessels, and that is cross-channel passe 
steamers, which the 1890-91 Committee considered should 
bs two-compartment vessels whatever their length. We 
concurred with the intention of that Committee, and 
therefore applied a factor of sub-division of 0.5 to them ; 
noting only that if they were less than 300 ft. in length, 
it might not always be possible to apply the factor 
throughout the whole length, and leaving it to the 
authorities to decide. 

Limited steam 2 and steam 3, 4, and 5 vessels merge 
into one another more or less, and as steam 3, 4, and 5 
vessels are almost exclusively engaged in the transport of 
passengers, and frequently carry large numbers, it seemed 
natural to treat them in a similar manner to the cross- 
channel vessels. The curves B and CO (see Report) were 
therefore departed from entirely, and for steam 3, 4, and 
5 vessels tho-e over 300 ft. in length were required to be 
sub-divided, using the factor 0.5, both fore and afb. 
Vexe!s over 200 ft. and not over 300 ft. in length are to 
be sub-divided by a factor of 0.5 from the stem to the 
after machinery bulkhead, abaft that by a factor of 1. In 
vessels over 100 ft. and not over 200 ft., neither the com- 
bined length of the two forward compartments nor the 
length of any other compartment must exceed the flood- 
able length. Vessels not over 100 ft. in length shall have 
peak and machinery bulkheads. 

As to details, I shall deal with water-tight doors later 
when referring to the reports as a whole, but in regard to 
openings in the shell, side-scuttles, &c , for home-trade 
vessels, very stringent rules are suggested. The other 
items similar to those in the First Rsport are the enter- 
ing in official logs of the periodical o tion and inspec- 
tion of water-tight dours, &c., which must, however, be 
somewhat different from those applicable to foreign- 
going steamers. I sha'l not deal at all with the construc- 
tion and strength of bulkheads, as my colleague, Mr. 
Foster King. is reading a paper on that subject. 

Professor Welch’s papeor of last year|| dealt very fully 
with the First Report, first from the historical point of 
view, and then in rd to the value and extent of sub- 
division recommended, and the proposed rules for ascer- 
taining the position of bulkheads. He purposely ex- 
cluded from the scope of his paper 
and scantlings of bulkheads, the fitting of water-tight 
doors, the protection of —- in the sides and bottom, 
and pamping and piping. I hoped that my colleague, 
Mr. Andrew Laing, who tharge of the Sub-Com- 
mittee on Water-Tight Doors and Pamping and Piping, 
would have contributed a on his work, and I still 
hope he may find time to do so; but I shall make some 
general remarks which have reference to both reports. 
Since the First Report was issued a few amendments 
in details seemed advisable, and these will be found 


* Paper read at the Institution of Naval Architects, 
April 13, 1916. 

+ See Enaingenine, vol. o., 399. 

t For ticulars of trading finite of these vessels, see 
Second Report of the Bulkhead Committee, page 4. 

§ Sse Enaineratna, vol. xcix., page 49. 


Transactions of the Institution of Naval Architects, 
vol. lvii, page 1. 
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GeygRat Remarks ON Boru Reports. 


Ia regard to the systems of sub-division, I personall 
place them in the following order of suitability for on 
nary merchant vessels :— 

1, Plain transverse bulkheads. 

2. Water-tight decks. 

3. Inner skin, as distinguished from longitudinal ver- 
tical sub-division. 

4. Longitudinal vertical sub-division. 

The Committee had scme difficulty in apestiving the 
conditions under which a water-tight deck might be fisted, 
and they were finally forced to say that it must be above 
the load water-line ; but I can quite well imagine a 
fitted wholly or partially below the water-line, and yet the 
stability condition of vessel to be such that no harm 
would result even if the vessel was pierced above the 
water-tight deck and below the load water-line. We must 
trust to administrative action and time to clear up that 
point, and many others on which we could only give 
general guidance. 

As to inner skins and their depth, several formule for 
their depth were considered. The formula finally adopted 
is, I think, a very reasonable compromise between a fixed 
depth and a depth proportional to the size of the vessel. 
For direct collision at right les to the skin or violent 
explosion an inner skin might be of little value, but for 
the long grazing blow it might be invaluable. 

If the utility of any of the above four systems of sub- 
division, or a combination of them, is proved at sea by 
damage to compartments, then, if the is not 
sufficient to sink the vessel, longitudinal vertical sub- 
division may cause such a list as to render navigation 
difficult ; while, on the other hand, a water-tight deck 
fitted as recommended is likely to affect the stabili 
favourably. Further, if the extent of the damage is suc 
as to render ultimate abandonment necessary, then the 
chance of launching small boats successfully may be 
greater if longitudinal vertical sub-division does not form 
part of the scheme. For the long ripping blow, such as 
sank the Titanic, longitudinal vertical sub-division is 
attractive; but the Committee pro that it should be 
shown that the vessel would not heel over so as to sub- 
merge the margin line when the rip is equal to the 
floodable length. The result of the loss of the Empress of 
Ireland was to draw our attention to the fact that dan 


mger | jurked in side bunkers, even if they are not water-tight. 


These bunkers cannot always be avoided, but similar 
regulations are suggested against serious list, and are 
embodied in the First Report. Under certain circum- 
stances there is no doubt that longitudinal vertical sub- 
division is a source of aouty. and any reasonable list 
due to one side being flooded cim be corrected, given 
time, by flooding the opposite side. This the Committee 
considered should be done positively by some suitable 
means, and not by cross-connections working automati- 
ely. In oil-fi vessels, where side bunkers can be, 
and probably for other reasons would be, cross con- 
ne xted, this consideration might disappear. 

Water-T ght Doors.—The first question to be decided was, 
should these doors be permitted in the machinery space? 
There was never any doubt that they should be forbidden 
in cargo holds, or cargo ’tween decks below the load 
water-line. Much evidence was taken on this point, and 
from mercantile sources this evidence was so unanimous 
that for trading vessels it was inadvisable, if not im- 
possible, to dispense with them, that it was decided 
to permit them in machinery spaces under stringent 
provisions for safety, these provisions becoming practi- 
cally more and more stringent as the number of souls on 
board became greater, culminating in doors released from 
a central station. I need not trouble you with the details 
of construction which are the best modern practice. The 
Committee went further in the direction of stiffening the 
conditions than the Internati Conference, and it is a 
question in my mind whether the effect of that vn 4 
will not be to cause doors to be more and more avoided. 
In the case of cross-channel and steam 3, 4 and 5 vessels 
the opinion was expressed that doors might be dispensed 
with, but, if fitted, they should be of the centrally 
released type. : 

Openings in Sides.—Here, again, advanced recom- 
mendations are made, but in this case the efficiency of 
these recommendations depends to a very large extent on 
the care taken by those on board. - There seems little 
doubt that acontributory cause to the loss of the Empress 
of Ireland, at least to the shortness of time which elapsed 
before sinking, was the fact that ports were open. 

Pumping and Piping.—Very many schemes for fitti 
what really amounted to salvage gear were consid 
but the Committee came to the conclusion that it was 
only a matter of degree, and that efficient sub-division, 
combi with a pumping plant sufficient to deal with 
lea! into an intact compartment after damage, was all 
that should be called for, leaving it to individual owners 
to add to this by fitting salvage gear—either water- 
pumping or compressed air, with air-tight decks—should 
they so desire. At the request of Lord Mersey, the 
question of air-tight decks and air compressing plant was 
specially considered, and estimates of cost were even got 
out, but the above was the conclusion arrived at, and the 
plant recom: ed, which is not greatly in excess of the 
maximum required by the classification societies, will be 
found in Chapter 1X., First Report. In the Second 





Report, modifications for home-trade vessels of certain 
| classes will be found in paragraph 229, page 8. 
Cargo Steamers, both Home and Foreign.—The Com- 


vol. xcix, pages ‘ mittee’s opinion will be found 


ey in pa pbs 
_ 237, 238, and 239, page 9, Second Report. It was thought 





I to the service of the 
vessel. The International erence declined emphati- 
pond to deal with cargo —— vessels pe ly. After 

© war is over an in paper might be written 
dealing with the mass of information whick will no doubt 
be available as to the behaviour of vessels damaged, either 
sufficiently or insufficiently to sink them. I do not think 
that designers of mei t vessels should be severely 
criticised for not ha produced vessels which would 
always withstand cupele and mine attack, especially as 
the tremendous power of the modern torpedo and mine 
was not and could not have been foreseen by them. Ib is, 
however, in ing to know that many vessels have 
survived such attacks even where the damage was of a 


deck | Very extensive character ; to give only one example, the 


Ni +74 struck a mine abaft 


fore peak, and a hole 
40 


t. by 16 ft. blown in her, but she was saved by No. 2 

; and the Germans did not always realise that it 
is somewhat difficult to sink an oil-carrier, especially if 
she is running light—vide the Artemis. Many other 
cases might no doubt be mentioned, but it is perhaps 
better to wait until the war is over. 








STRENGTH OF WATER-TIGHT 
BULKHEADS.* 


By J. Foster Kinc, Member of Council. 


Tux problem of the necessary structural strength for 
water-tight bulkheads has received much attention and 
many theoretical answers, yet the variations to be found 
in practice appear to contradict these answers as flatly as 
one bulkhead contradicts another in scantlings, and as 
plainly as experience controverts assertions as to the 
weakness of bulkheads in b 

The im of bulkhead strength in relation to sub- 
division is too obvious for comment, and the Bulkhead 
Committee naturally devoted a very great deal of time 
and work in trying to find satisfactory bases for the 

of partitions, which have recently been made 

eo ar wd in all passenger ships. This particular branch 

of the Committee’s work was p! in the hands of a sub- 

committee, of which Dr. Thearle was originally chairman, 

there is no member of this Institute but must feel 

sadness in the thought that he has not been spared to 
complete the labours he had so ably initiated. 

The facts which the author is permitted to place before 

ou are those which have been ascertained by the Bulk- 
oat Committee on behalf of the Government, so that 
they and the deductions therefrom embodied in the Com- 
mittee’s Report have all the weight and value which 
attaches to unbiassed research by such authority; any 
other deductions or su; tions which may be made in 
the paper are the author's, and have no more significance 
than attaches itself thereto. 

The possibility of testing ordinary bulkheads on board 
ship was seriously considered, and some public-spirited 
owners actually contemplated filling holds with water, 
but close touch with practical difficulties led to the dis- 
missal of the idea. The Committee decided that simple 
vertical stiffening is the best form for which to legislate, 
and as this is now ordinary standard of practice for the 
bulkheads of deep tanks, it was considered that a good 
deal of information “— be readily obtained from tests 
of such tanks. Through the ry of the Clan Line, 
Messrs. Robert Duncan and Co., Port Glasgow, and 
Messrs. Palmers, of Jarrow, the Committee were enabled 
to carry oub tests on three deep-tank bulkheads con- 
structed on these lines; and, no doubt, if the work could 
have been done systematically, and extended over a suffi- 
cientd number of cases, it might have been possible to 
establish a safe standard for bulkhead stiffeners by these 
means alone. ’ 

It had to be recognised, however, that the details of 
construction required for tank service are superior to 
those employed in ordinary water-tight bulkheads, so that 
the tests could nob furnish information as to the suffi- 
ciency of the latter, nor could they be pushed to the _ 
where reconstruction might become necessary. The Com- 
mittee felt that, apart from considerations of time and 
trespass upon private generosity, they would fail in 
publicduty if they did not try to find out not only that 
which is safe, but, what is much more important, that 
which is unsafe. Such information could only be obtained 
from bulkheads built purely for experimental purposes, 
and Sir Archibald Denny did a great service to the nation 
when he eo represented the case to the Board of Trade 
that the Government authorised the construction of ex- 

imental bulkheads, which are fully described in the 
ulkhead Report. ; 

Following upon the experiments on the deep tank and 

i tal bulkheads, and the compilation of scantling 
tables, the Committee fell heir to a piece of good fortune 
—thanks to the en ise and public spirit of Messrs. 
Doxford, of Sunderland, and Messrs. the Hogg-Car Con- 
struction Company—by means of which they were able to 
carry out a further series of experiments upon a bulkhead 
constructed to the requirements of the new tables, and to 
test their deductions while their work was still in progress. 

Before proceeding with the details of the experiments 
and other relevant matter, it seems desirable to consider 
the methods of observin bulkheads under test. Common 

tice is to measure Seflegtions with a 2-ft. rule from 
stout cord or spun yarn stretched from side to side of the 
ship ; a step in advance replaces spun yarn with piano 
wire under strain, but neither method provides a suffi- 


* Paper read at the Institution of Naval Architects, 





April 13, 1916. 
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ciently accurate basis for recording the exact form of | points. The records of the second experimental bulkhead | height and ition of the bulkhead. 
deflections. The records of the Government experi. which is referred to as ‘‘D ” bulkhead in the rest of the | to the nal en i 

mental bulkhead (described as B.T. bulkhead in the rest | paper) were made on vertical boards placed in line with | the de i 

of the paper) were taken at each stiffener from vertical | the stiffeners, on which the datum lines and subsequent op otem, Sat it to be desirable to the author 
piano wires, which gen collars on deflections therefrom were scrieved by means of steel id again recorded independently by 
the upper deck tank top , and which points guided by square blocks run along the edge of the | himself. This has been done, and the act has | a4 
56-lb. weights were suspended, so that the datum lines stiffener. In this case the subsequent recording suffered | useful, al it would not have been attem had 
were accurate. The measurements, which numbered | little from failure to foresee that the bulkhead i 


thousands, were taken by the use of minutely subdivided _move outwards, through extension of the bottom plating, | head lines (Fig. 3), which were, of course, the last to 
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steel rules, by lads who were specially trained to measure| and that the supports of the cofferdam would “give” be tackled, showed definitely that each deflection forms 
to the ccosad decimal » , and bey Gaseeve tula- under the weight of water. The latter movement threw | part of « triangle having the t bulkhead for a base, 
tions for the speed comparative accuracy with which the scrieve-boards slightly out of the vertical, but the | and its apex at or about mid the curved 


the work was di often under very adverse conditions. | defect was at once observed, and the necessary correction | tangential to the sides of the triangle, and becoming 
The weather re generally bad, poh when the experi- obtained by means of vertical piano wires carrying shorter as deflection increased. This , had an 
ments subjected the structure to strain, the fear of weights, as in the B.T. test. Even with this small handi- obvious relationship to —- difficulty in trying to 
breaking rivets and the effects of leakage made it prac- cap, the scrieve-boards proved themselves to be the persuade battens to pags fairl through spots. Its appli- 
tically impossible for all the measurements to be accurate. quickest, most complete, and definite method of record- b bulkheads was found eliminate 
With this method, it would probably make for greater ing in the author’s experience, and there would seem 

Speed and accuracy if the deflections were simply marked be little difficulty in so arranging them in future as ased 

on thin boards instead of being measured ; there could maintain a constant distance from the heel of the bulk- | rectness of the deflection lines. 

then be no after-doubts as to the position of decimal head margin angles, and avoid the effects of change in. The results the teste on the deep-tank bulkheads are 
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recorded in Fig. 1 over the letters A, B, and C. A 
bulkhead had previously been in service for some eight 
years, and there was an initial permanent set of about ,°; 
on the stiffeners selected as giving the fairest record of 
ure effect. The stiffeners are 10-in. Z bars, spaced 
in. apart, and the margin angles are single bars, single 
riveted, so that the construction is practically that of an 
ordinary bulkhead. The tests were carried to a of 
14 ft. above the tank when they were stopped on account 
of probable damage to ventilators, hatchway covers, and 
other fittings. At this head the permanent set had in- 
creased to ,°;; the deflection was equal to ;}; of the 
length of the stiffener, and the riveting and caulking of 
the bulkhead remained perfectly sound and tight. 
B and C are two similar bulkheads, B being 19.5 ft. 
deep, stiffened with 12-in. bulb angles 27 in. a) while 
CO is 20 ft. deep, stiffened with 11-in bulb angles, spaced 


24 in. apart, the I value of the stiffeners being alike. 


The brackets in B are particularly small, but the defiec- 
tion is much less than in C bulkhead, and does not seem 
to have increased during the passage from 8 ft. to 14.5 ft. 
head above the top of the tank. The conditions as to flexi- 
bility of end attachments of the stiffeners are not greatly 
different in each case, yet C pursued the normal course of 
deflections under increasing heads, and B did not; the 
reason is not easy to guess. The test deflection on C 
bulkhead amounted to ;}, of the length of the stiffener, 
and all — and caulking remained quite satisfactory. 
The riveting of three bottom brackets in B near the star- 
board side of the ship gave out in the fashion shown in 
the sketch, but the remainder held on. The bulkhead 
deflection at the fore end of B tank was not measured, 
but the structure certainly did better than B bulkhead, 
because, as is Cou, all the stiffeners pit ep the 
lower boundary angle instead of stopping well clear of it, 
as on the bulkhead observed. 

The B.T. bulkheads formed the walls of a cofferdam 
25 fo. long, 29 ft. 9 in. high, and 7 ft. 6 in. wide, in which 
an endeavour was made to embody the conditions of 
ordinary ship construction, except that the brackets on 
the hold stiffeners were er than usual.  work- 
manship represented ordinary shipyard work on ordinary 
ship bulkheads, and it was tes' by hose pressure only 
before the tests were commenced. Lach type of stiffener 
that experience suggested as being likely was represented, 
and the effect of such necessary variations in practice, as 
placing stiffeners, caulking, and margin angles inside and 
outside, were subjected to trial. Deflections were 
measured at ular intervals as the tank was being 
filled, but only the more important are recorded on the 
diagrams in Fig. 2. At 25 ft. head above the base of 
the bulkhead two sharp reports were heard, but filling 
was continued up to 26 ft., when complete measurements 
were taken. The tank was then emptied, examined, and 
found to be in perfect order, so that the reports were 
probably caused by local buckles blowing out. The per- 
manent set was taken, and the tank again filled to 26 ft. 
head. A fresh set of- measurements was taken, and the 
tank afterwards allowed to remain at this level for 16 
hours, when a third set of measurements was taken. The 
water dropped 3 in. in the tank during the 16 hours, but 
it was thought that external evidence justified the belief 
that this was not due to leakage from the tank so much as 
to the stop-valve not being quite tight. There was no 
such difference between the second and third measure- 
ments as to draw serious attention to the element of time 
as affecting deflection. The curves shown for this head 
must be fairly correct records of the effect of subjecting 
the lower stiffeners to a head of water 12.25 ft. above the 
third deck, and the ratios of maximum deflection to length 
of stiffener at this head, given opposite to each hold 
stiffener, should form a fair indication of their respective 
stiffness. It is unfortunate that the position of the lower 
*bween deck stiffeners between the millstones of upper and 
nether deflections render them of little practical value. 

When the tank was filled to the upper deck there was 
some slight leakage, mostly where the margin angles 
crossed each other, at the points of change from inside to 
outside of tank, but the bulkhead was clearly satisfactory 
at its intended maximum pressure. With the head of 
water 3 ft. above the top of the bulkhead, the 1 
had not i d appreciably, but the plating at the 
lower part was distinctly corrugated between the stif- 
feners. As the head of water was further increased, the 
deflections increased more cagely on all the stiffeners, 
except on the three-flanged hold stiffeners, as will be seen 
from the curves of maximum deflections. It was evident 
that leakage from the deck angles was increasing, but it 
was not possible to tell by how much, on account of 
heavy rain and overflow from the stand-pipe. It was not 
until the head was nearly 6 ft. above the upper deck that 
two rivets were heard to break, so that it might be said 
that the bulkhead held feed as a safety device up to 

oad 





35.75 ft. head above the or 25 per cent. more 
than full-tank condition. The pressure as it was 
slowly increased until it was 8.75 ft. above the top of the 
tank was accompanied by the noise of an occasional 
breaking rivet, and an increase in leakage from the deck 
angles. The caulking of the plating held out satisfac- 
torily up to 8 ft. head, when a short piece gave out, and 
the bulkhead began to make creaking noises. Ab 8.75 ft. 

ead, or 38.5 ft. above base, it was decided to make 
another complete set of measurements, but this was 
accompanied by a fusillade of breaking rivets and the 
busting away of the lower end of the third bulb le 
stiffener from the left-hand side, so that the lower bulk. 

ad, a8 originally built, may be said to have sy 
failed at a load more than a third greater than full-tan 
condition, but the upper tween stiffeners had success- 
fully carried a load more than three times that due to 
water up to the top of the bulkhead. 

@ permanent set was considerable, and there was 





evidence that most of the stiffeners had n to fall 
away from their work, except in the case of the deep 
flanged hold stiffeners, but the chief disturbance con- 
sisted in the pulling away of the brackets of the smaller 
stiffeners from the mney sere The maximum deflec- 
tion of the lower plating between the stiffeners seems to 
have occurred at 35.75 ft. head, and at ter heads the 
plating tended to straighten again. @ permanent set 
after 38.5 ft. head seems to average 0.025 in. 

Preliminary to a second test, all buckled stiffeners were 
faired, and flanged brackets having increased rivet area 
were fitted instead of the ordinary plain brackets. The 
brackets were taken off one 8-in. bulb angle stiffener, and 
a 34 by 34 reverse angle fitted for more than three-fourths 
of its length. A bracketed stiff in the lower ’tween 
decks was removed, and a larger angle without end 
attachments fitted in its place. 

hen under test, it was found that the rivet connec- 
tions of the heel-brackets to tank top began to leak at 
an early stage in filling, probably on account of new 
material having been introduced. Before the tank was 
full the new stiffener on the lower ’tween-decks, on the 
outside, was being forced away at its ends, and it became 
necessary to shore up the ends of the stiffener to prevent 
it stripping the end rivets. With water 6 ft. above the 
top of the tank it was seen that the 8-in. bulb angle with 
the reverse angle was trying to force its lower end through 
the plating. With 9 ft. above the tank general leakage 
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water-tight pitch at the caulking edge, and an inner row 
at double that pitch at the heel. 

The deflections (see Fig. 3) were taken at intervals 
as the tank was being filled up to 20 ft. 6 in. above 
the bottom ; the tank was then emptied and the per- 
manent set recorded. The tank was then filled to the 
top, or 27 ft. head ; the deflections were recorded then 
and at intervals up to a head of 8.5 ft. above the top of 
the bulkhead. At 20.5 ft. and 34.5 ft. the permanent 
sets were directly recorded ; at intermediate heads the 
water was lowered to 20.5 ft. and the deflections recorded, 
so that by ee differences it was possible to obtain a 
complete curve of permanent sets without emptying the 
tank. Abt full tank condition the maximum deflection on 
the bracketed stiffeners was ;};, and that on the lugged 
stiffeners rather better than =}, of the length, the load 
being 10 per cent. in excess of the table standard. The 
maximum load was practically 75 per cent. over that due 
to designed full tank condition, and the bulkhead was 
thoroughly effective as a safety device. The chief evidence 
of strain wag found on the bottom of the bottom brackets, 
and its nature is indicated by the detail in Fig. 5, 
but no rivets bad broken. A curious contradiction 
of theoretical expectation is given by the fact that 
the greatest distress and deflection were found on the 
centre stiffener where the bottom bracket was rigidly 





held by the centre girder beneath it. The upper brackets 
were quite undisturbed, but lifted the deck beam to which 
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from the deck angles was increasing, the caulking was they were connected 2% in. at the middle, and left a 


being started where these angles were inside, and the 
HP r *tbween-deck stiffeners were becoming sources of 
ea 

When there was 10 ft. of water above the bulkhead, or 
4 ft. more than in the first test, rivets began to break, 
and at 4 ft. above, or 14.75 ft. total head, the bulkhead 
in way of the flanged stiffeners inside the tank suddenly 
blew out to the same extent asin way of other stiffeners, 
but where those were outside the bulkhead held on. It 
was found possible to carry on until there was nearly 
15 ft. of water in the stand-pipe, to the accompaniment 
of breaking rivets and increasing leakage, so as to be 
too great for the pumps to overcome. 

To summarise the observed results, damage which pro- 
duced leakage manifested itself chiefly in the attachments 
of the ends of the stiffeners, the brackets causing most 
and lug connections least disturbance. The practical 
effect of improving the bracket connections had appa- 
rently been to prolong moderate water-tightness in the 
bulkhead until the load on the lower stiffeners was 65 per 
cent. above that due to full-tank condition, and to show 
that the upper *tween-deck bulkhead could carry fully 
4} times its intended load. Special attention should be 
given to the fact that the edges and butts of the plating 
were all single-riveted, and neither riveting nor caulking 
showed signs of distress, in spite of the deformation of 
the structure vertically and horizontally between the 
stiffeners. The form and uniformity of the final 
nent sets show in interesting, if not conclusive, ion 
the comparative unimportance of stiffness in relation to 
ultimate strength of bulkhead. 

Although not next in chronological order, the review of 

results is now carried on to the ‘‘ D” bulkhead, 
ulustrated in Fig. 6, page 375, which formed one side 
of a cofferdam 45 ft. long and 27 ft. high at the centre, 
and which was built to represent as far as practicable a 
20-ft. segment of a single-deck ship. Five stiffeners on 
one side were lugged and 5; 36 in. apart, the re- 
mainder were bracketed and spaced 30 in. apart, both 
being fitted in accordance with the table requirements of 
the Bulkhead Committee for a height of 26 ft. The tank 
as designed was straight on py camber was subse- 
quently introduced, hence the discrepancy of a foot be- 
tween the pro and actual length of stiffener. Single 
riveted bou les were fi across the deck and 
down one side, the others being riveted with one row of 


| 


manent upward set of 1}4. The bottom lugs of the 
fogged stiffeners were efficient during the tests, but after 
their completion it was found that many of the rivets in 
the heels of the lugs on the tank top werestarted. _ 
With regard to the plating of the bulkheads, it was 
found that when the tank was full there was about in. 
deflection at 30 in. and } in. at 36 in. spacing up and 
down the bulkhead, and there was practically no per- 
manent set. Theriveting and caulking showed no signs 
of distress, and while there was some leakage, it became 
less after the first filling and did not increase much at 
the big heads; it was always unimportant, and would have 
been within the control of a hand-pump on board ship. 
The double-riveted boundary angle was not so sound and 
tight as the single-riveted bar, so that when large heads 
of water suggest the desirability of double riveting, there 
should be two complete rows of rivets. 
It is only right to — Ay = at eon! i, Re yh 
been impossible to give ‘oregoing details of the actua 
experiments and their results but for the very admirable 


and complete re pared by Messrs. Fowling and 
Cox, of Lioyd’s i oon tee the information of the Bulk- 
head Committee. 


U such facts it was necessary to decide upon 4 
heals for the structure of bylkheads which could be 
recommended to the Board of 7, - cage 
in of resis and would aiso fulfil in 
aD a> the souk higher aspiration of the Bulk- 
head Committee, that the stiffeners should not rely upon 
the diaphragm effect of the containing ring formed by 
the hull structure. There was much dis on in the 
first instance, as to the proportion of plating which is an 
effective part of the stiffener girder, the relationship of 
actual to theoretical deflections for fixed and supported 
beams, and as to the actual stress upon material. 
Attempts were made at almost every test to derive 
information from strain meters, but the utmost care 
could not guard the instruments from shock and bad 
weather, or ensure safety in acceptance of their records, 
so that these had reluctantly to be put to one side. As 
discussion failed to aa ge —_ pine many 
further experiments for solution, as under sim 
conditions they should each have a practically constant 





relationship to the + of the stiffeners themselves, it 
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was finally to adopt a comparative strength 
standard for their sizes. is was upon the ob- 
served performances of the various types of stiffener 
under load, and has the practical effect of placing the 
strength required for unattached ends at twice that re- 
quired for bracketed stiffeners, the ratio of 1 | to 
unattached ends being placed at seven to six. @ Sizes 
of brackets and the rivet value of attachments were 
made proportional to the sizes of the stiffeners and 
values of the moments eqpeyeriete to the conditions of 
constraint indicated by efiections. The bu 
plating, as expressed in the various bulkheads under 
test, appeared to show that ordinary practice is safe, and 
was therefore adopted under the regularising influence of 

uirements expressed in terms of spacing of stiffeners 
an head of water. The sizes of stiffener in the tables 
represent a distinct advance upon ordinary practice, and 
it will be seen from the relationship which they hold to 
existing tables of sizes for deep tank stiffeners, and from 
the very satisfactory results of the ‘‘D” bulkhead tests, 
that the Committee have recommended, and the Govern- 
ment have adopted, a standard of construction which 
should be entirely effective in providing a large margin 
of strength. : 

When considering the question of a suitable standard 
it was strongly felt that one based upon the capacity of 
stiffeners to resist deflection would be exceedingly valu- 
able, but the difficulties appeared to be so = t the 
idea was not brought to a practical issue. king back 
upon the discussion in the light of present examination 
of the available dats, as it appears to be established that 
the function of the ‘stiffeners on a bulkhead is nob so 
much to provide ultimate strength as to restrict early 
deflection, it is very desirable that records should be kept 
of the behaviour of all stiffeners under test in the future, 
in order to provide data from which it may be possible 
to derive a stiffness basis which might be even more 
satisfactory than a strength basis. 

The Committee had next to give consideration to the 
desirability of modifying the standard of strength for 
home-trade ships and the lighter classes of ship generally. 
Although it is proved that very light bulkheads can and 
do successfully contain water, it was naturally contended 
that a second strength standard might be impolitic as 
throwing doubt upon the first. It was . however, 
that the margin in the first is so ample, and that the 
range from moderate deflection to destruction is so wide, 
that it would be unreasonable to make such a wide pro- 
vision against emergencies in home waters in classes of 
vessel where weight is usually of vital importance. 

A second set of tables was therefore fans pre which 
are known by actual tests te provide small deflections 
and negligible permanent sets, and which are not excessive 
in weight as judged by the standard for these classes of 
ship. It may be asked, what is the justification for any 
higher standard ? but the obvious answer seems sufficient. 
In the event of accident to an ocean steamer, long voyages 
may have to be made with a hold in free communication 
with the sea, and the dynamic conditions may be so severe 
that an ample margin of strength is a precaution worth 
far more than the cost and weight involved. 

The experiments have done more than justify practical 
conclusions ; they have cleared up many matters which 
have hitherto been to some extent matters of opinion. 
For instance, there is a common feeling that the bellying 
of a bulkhead manifests itself not only vertically but aleo 
horizontally, and that the whole surface under pressure 
is curvilinear. The experiments, however, show that 
stiffeners close to the sides of the tanks and rigid points 
are constrained thereby, but an examination of the dia- 
grams in Fig. 4 also shows clearly that the deflection 
on each stiffener is entirely influenced by local conditions 
of that stiffener. On ‘‘D” bulkhead the two channels 
next the side have been held back by the sides, but the next 
three show practically the same deflections, except that 
the change from 36 in. to 30 in. spacing has brought in 
the last channel a little, while it has in turn distinctl 
pulled in the adjacent bulb angle. The next four bul 
angles are in a straight line, but the next two deflections 
drop in a curious fashion, which indicates peculiar local 
conditions other than mere shortening of span, probably 
the constraining effect of a stanchion and girder upon the 
points of the top brackets, while the remainder are also 
under this local influence and constraint from the sides. 
The other two diagrams, which show the deflections in 
the upper ’tween-decks and hold stiffeners of the B.T. 
bulkhead, clearly express the individuality of each stiff- 
ener without explanatory cx t. It is unlikely that 
ordinary beam theories apply to deflections which exceed 
«by of the length, because permanent set is recorded in 
association with such amounts, and as ;}, with its cor- 
responding set is evidently good enough for test heads on 
deep tank bulkheads, they cannot be a complete guide to 
structures where 5}, is a high standard for deflection. 

The defiection diagrams of the B.T. and D. bulkheads 
show that straight pull upon the ends of the stiffeners 

gins to take effect at an early stage, becomes more 
marked as the deflections increase, and that the structure 
seems to find rest in a a angle. The bulk- 
head diaphragm therefore is to take the form of a 
dished plate, not of a flat cupola, and the forms of indi- 
anal deflections are those which might he expected 

& concentrated rather than a distributed load. Prob- 
ably the key to the apparent contradiction between the 
red for taking into consideration both the I and the 


y Yelues in stiffeners, and the impossibility of esti- 


mating any but absurd stresses from beam formule, is 
be found in these straight-line tendencies. The 
P homens fit with the idea of an elastic beam tied 

Tmly at the ends, adjusting itself to an increasing centre 
, and obtaining relief from bending stresses by auto- 
tically shortening the virtual span, 





The present experiments, Mr. Rowell’s test of a bulk- 
head. with 44-lb. plating, and undesired experiments in 
practice, have shown that there is not much to fear from 
deflection as a phenomenon, and indicate that deflections 
can be pushed, without structural failure, to some point 
which is apparently limited chiefly by the adaptability 
of the ends of the stiffeners to meet changing conditions 
and by the tensile strength of the material. If the 
—— therefore, were simply that of building a 
diaphr which would hold water witheut leakage, it 
is probable that well-stiffened margins, double bx 


aA 


be kept in mind that bulkheads are usually inaccessible 
when an accident occurs, and there is nob much comfort 
in the knowledge that they will not give way under 
pressure, if unavoidable ch in shape cause broken 
joints, or carry away connections to runners and other- 
wise unimportant items. It does not take many odd 
rivets to cause leakage beyond the control of the ordinary 
bilge suctions. It is therefore essential that those re- 
sponsible shall consider not only the required stiffness of 
each bulkhead, but the efficiency of everything which is 





angles, and the weight of stiffeners thrown into a flat 
plating would provide the best answer. The difficulty 
of securing a rigid rim on board ship is obvious, however, 
while it is evident that nothing could be attached to such 
a bulkhead, and that it would be useless as a cargo 
division. 

Within the limits where riveting can hold the stiffeners 
on to the plating, the next best way to avoid —— 


would be the use of light stiffeners without end ati 
ments, as is shown by the overload carried by the upper 
*tween-deck stiffeners in the B.T. bulkhead. 


All the 
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experiments have had the effect of confirming a life-long 
antipathy to the use of heavy shallow sections, and the 
consequent necessity of attempting to prevent failure by 
massive end connections. The facts —— the strong 
views expressed in word and practice, that the proper 
development of satisfactory stiffening on such an elastic 
structure as a ship is in the direction of reducing rivet 
stress by increasing depth of girder. They alsosupport dis- 
belief in the constant imminent risk said to be incurred 
by using deep sections, so called, which is popularly 
——— by the “‘ tripping” superstition. The remark- 
ably good behaviour of such unstable sections as t 
flanged stiffeners having relatively high inertia value and 
small sectional area, in the B.T. bulkhead, would require 
a lot of explaining if these opinions are unsound. _ 

The shape of the deflections suggests ad vant: in the 
shape of stiffeners recommended by Sir Edward Harland 
in his minority report in 1891, which were deep at mid- 
length, shallow at the ends, and secured by lugs; but 
such a form is rather outside practice in these days of 
rolled sections: it is to be hoped, by the way, that the 
number and depth of these sections will soon be largely 
increared. It is a distinct gain that the Committee have 
brought into prominence the efficiency as well as the 
practical advantages to be derived from deep stiffeners 
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attached by lugs only. 
Apart day question of ultimate strength, it must 


he| the fire. The 


ttached to or which passes through it, in the light of 
the knowl that the whole structure is going to move 
in all sorts of ways and to very distinct amounts, in the 
event of being called upon to keep out the ocean. 
serious view of this responsibility is n if sub- 
division is to be that actual safeguard which it is in- 
tended to be. 





NOTES FROM THE UNITED STATES. 
; Puivapetpaia, April 5. 

Tue particular feature of the week is an advance of 
5 dols. a ton on steel products, except rails. The crest of 
high prices, long looked for, is notin sight. Therequire- 
ments for a. great many new enterprises are held back. 
The steel-ingot output of the Steel Corporation has 
reached 69,000 tons a day. Advances in steel since 
January 1 amount to 13 dols, a ton as an average. All 
sorts of premium prices continue to be privately paid for 
preferential delivery. Since January 1 orders have been 

for 38,500 cars, against 7900 cars for the first quarter 
year ; locomotives, 930, against 300 same quarter 
last year. For 1916 most rail requirements have been 
covered, and over 1,000,000 tons ordered for early 1917 
needs. The scarcity of steel is leading to the temporary 
use of underframes of wood for cars, to be later replaced 
by steel. It is estimated that last week’s orders for 
steel exceeded 1,000,000 tons. . Total steel orders sincc 
January 1 amount to nearly 10,000,000 tons, atan average 
cost of 50 dols. ton, representing in value 500,000,000 
dols. Among the past week’s rail orders were—Southern 
Pacific, 45,000 tons; Missouri Pacific, 30,000 tons. 
Other systems are about to orders. Shipyard 
orders are crowding into 1917 deliveries. Sugar-planting 
interests in Cuba are preparing to build large steel 
storage warehouses which will call for much structural 
material. Large cotton warehouses are also under con- 
struction in the Southern States. 

Russia has closed with the American Locomotive 
onqaey for 70 —, the Missouri Pacific for 40, 
the ay seem mpany for 25, and the Great 
Northern Company for 25. These details indicate in 
a general way the condition of general demand, which 
by no means re t total requirements. @ manu- 
facture of munitions is at last under highest efficiency, 
headway and requirements placed at almost any figures 
are in clear sight. The Bethlehem Company has secured 
a large plant at Baltimore, and will largely expand its 
capacity. Powder plants in California are e ing. 
Basic pig- is being contracted for in 10,000-ton lots. 
Enormous orders are awaiting acceptance for ex for 
shell steel. In all several million tons are wan up to 
July, 1917. Manufacturers refuse to tie themselves up 
for so long a time. Automobile-makers are scrambling 
for steel. A cold recital of facts does nob convey any 
clear conception of steel market conditions. 





METALLIC PERMANENT-Way.—Our exports of metallic 
permanent-way—chairs and metallic sleepers—have been 
very considerably reduced by the war ; in fact, they are 
almost for the present at an end, only 787 tons having 
been e075 in March, as compared with 6661 tons in 
March, 1915, and 10,843 tons in March, 1914. The 
ag te shipments in the three months ended March 31, 
this year, were 2666 tons, as com with 15,860 tons 


in the first quarter of 1915, and 25,586 tons in the firstj).. 


quarter of 1914. 





Smatt Perrot Fires.—The British Fire-Prevention 
Committee have recently carried out a series of tes’ 
the results of which tend to prove that sawdust inti- 
mately mixed with bicarbonate of soda and ee in 
bulk has certain advantages over sand and simi 

y 


materials as an bomen, gm medium for comparati 
small fires occasioned by the —_ of the vapour of 
petroleum spirit (petrol) and o inflammable Figuids. 
When sawdust is applied to the surface of a liquid it will 
float for some time, thus excluding the oxygen of the air 
and smothering the fire. Ordinary sawdust, as obtained 
from saw-mills, is the most suitable for this purges. It 
must be free from shavings and chips of wood, but it 
does not require to be either specially dried or to contain 
added moisture. The addition of bicarbonate of soda, 
although not essential, is advantageous. Under the action 
of the t from the burning liquid, carbonic acid gas is 
given off from the bicarbonate of soda adhering to the 
floating sawdust, and accordingly close to the source of 
gas given off under such circumstances 
slightly assists in extinguishing the fire. Bicarbonate of 
is readily obtainable at a very small cost. The 
Committee have found an effective ion of bicar- 
bonate of soda to sawdust to be 101b. tol bushel (or, say, 
12 lb.) ofsawdust. The Committee wish to emphasise the 
fact that so far their investigations have been limited to 
small quantities of inflammable liquids, not exceeding 
2 gallons, and the areas over which they were spread did 
not exceed 6 ft. a. Lay gy - baye with 
garages hangars, for in opinion 
of the Committee, the , mixture is applicable 
and economical. The Committee add that their tests 


in motor 





showed that the application of this or any similar mixture 
in small quantities from tubes or canisters does not give 
satisfactory results, 
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INDUSTRIAL NOTES, 


Tu Director of the Department of Labour Statistics, 
dealing with the state of the labour market in March 
in the Board of Trade Labour Gazette says that the 

neral high level of employment of recent months was 

ully maintained in March, and notwithstanding the 
increasing introduction of women into industry, the 
shortage of labour became still more acute. 

The changes in rates of wages reported as taking 
effect in March affected nearly 459,000 workpeople, 
and resulted in a net increase of about 35,200/. per 
week. The principal changes were increases affecting 
over 377,000 coal-miners in Cumberland, Yorkshire, 
Lancashire, the Midlands, and North Wales ; 18,500 
semi-skilled and unskilled men in engineering and 
shipbuilding establishments on the Clyde ; 8000 
men of similar grades in the engineering industry at 
Sheffield. 

The number of disputes beginning in March was 44, 
and the total number of workpeople involved in all 
disputes in progress was 58,388, as compared with 
12,831 in the previous month, and 33,903 in Mareh, 
1915. The estimated total aggregate duration of all 
disputes during the month was 327,300 working days, 
as compared with 102,600 in February, 1916, and 
151,200 in March, 1915. 

The average weekly number of vacancies notified 
to all Labour Exchanges for the four weeks ended 
March 10 was 35,337, as compared with 45,948 in the 
previous four weeks, and with 34,477 in the four 
weeks ended March 12, 1915. The average weekly 
number of vacancies filled for the same periods were 
27,417, 28,902, and 24,797 respectively. 


Mr. Arthur Henderson, President of the Board of 
Education and Chairman of the National Advisory 
Committee of War Output, met the Clyde shipwrights 
and boiler-makers last Saturday, the 15th inst. t 
Sunday he discussed with the Clyde Labour Advisory 
Board the questions of dilution of labour and wages. 
In the course of @ speech he made, Mr. Henderson 
said he had long been convinced that the war was a 
question of endurance, in which we and our Allies 
would be thoroughly tested both from the military 
ng we and from financial and trade resources. 
That being so, we could not afford to waste or mis- 
apply the capacity of our highly-skilled workmen. 
During the early days of the war labour was trans- 
ferred to Navy ships until the construction of merchant 
ships was brought to a standstill. We could no longer 
afford to neglect the building of merchant ships, and 
everything should be done to secure the rapid delivery 
of all merchant ships now under construction. It was 
absolutely necessary, therefore, that the employment 
of skilled men should be strictly limited to the work 
for which their skill was essential, and not directed to 
work which could be performed by men of lesser skill 
or by women. Moreover, all workers in shipyards and 
engineering establishments must have it brought 
home to them that their full time and whole-hearted 
service were indispensable to the winning of the 
war. In regard to wages, it was decided at the 
meeti to obtain information from the Clyde, 
the North-East Coast, Manchester, Birming 
and London, anal the figures, and to place the 
matter before the Minister of Munitions and the Pre- 
sident of the Board of Trade. Mr. Henderson also 
read a letter from the President of the Board of Trade 
stating that the principal reason for the scarcity of 
tonnage was the part that the British Mercantile 
Marine had been called on to play in the tion 
of the war by co-operating with the Fleet and by 
supplying transporte and store-ships for the army ; 
also that he was informed that one of the reasons for 
the delay in the delivery of merchant vessels had 
been the reluctance shown by workers in shipyards 
to engage upon merchart work, which had been re- 
garded as of ae small importance in the 
prosegution of the war. ith the express object of 
— that apprehension a a of mer- 
chant ships under construction recently been 
declared war work. Mr. Henderson added that a 
manny of the workmen were still losing too much 
time, 

At the boilermakers’ meeting Mr. Henderson said 
that the trade-union movement, as a whole, had 
behaved nobly and had sade most conspicuous 
sacrifices. 








Up to Thursday evening, the 13th: inst., says the 
Textile Mercury, there had not been any joint meetin 
of the employers and workpeople in connection wi 
the operative cotton spinners’ application for a 10 per 
cent. increase in rates of pay. Nogotiations have been 
conducted with Sir Askwith, but with what 
object no definite statement has been made. It is 
being assumed in some quarters that the meaning of 
the award given with regard to the wages dispute 
settled last July was that there should be no further 
a for advances during the period of the war. 


view does not a to be accepted by th 
operatives’ officials. The decision of Sir “ 





Askwith will have an important bearing on the present 
application. 


x. . report dated the 8th inst., issued by the Steam- 

6 
py 20,300, distributed over 176 branches, with a 
capital of 180,000. The unemployed number 11. 
This a society, which formerly requested its 
mem to endeavour to reach a membership of 
20,000, is now ‘‘ askin 


for more,” and has put the 
figure aimed at at 25, 


members. 





The general secretary of the United Society of 
Boiler-Makers and Iron and Steel Shipbuilders writing 
in the society’s report for the current month states 
the following :— 

*. ,. I feel quite sure thatany man who advocates 
or takes part in a strike at this time does not realise 
the gravity of our position. I have talked to hundreds 
of trade unionists in France and Belgium, and in 
railway trains in this country, and I never yet spoke 
to one who favoured as on the manufacture 
of munitions of war. On the other hand, I have met 
many who failed to find ordinary English adequate 
to express their views on strikes of any kind. I can 

some of the brave fellows I met at the Front 
reading the exaggerated newspaper accounts of the 
strikes at Parkhead and other works—brothers of 
ours at Verdun being pounded from a distance of 
some 8 or 10 miles by 15-in. German guns while they 
are patiently waiting for our own new big guns to 
send the Germans a suitable reply. I-can imagine 
our men all along the line waiting for the completion 
of their batteries to begin a grand offensive in which 
our big guns will hew out o t broad path to 
Tr hat must these men think of us ? 

**T have said this much ona question that is painful 
to me so that our members, whose loyalty is equal to 
that of any other body of men in the country, will 
not be foolish enough to forget their loyalty when 
faced with grievances and even injustice. We cannot 
strike work and win the war... .” 





We read in the Jron Age that the: United States 
House Committee on Labour authorised a favourable 
report on the Bill introduced on January 11, 1916, by 
Representative Tavenner, of Illinois, prohibiting the 
use of scientific shop-management methods in any 
Government establishment. Immediately after the 
announcement of the action of the committee, how- 
ever, & request was received from a representative of 
the National Association of Manufacturers for a hear- 


ing on the Bill. It is understood that this request 
will be — with, and that the whole subject will 
be re-opened. 


The Tavenner Bill provides ‘‘ That it shall be un- 
lawful for any officer, manager, superintendent, fore- 
man, or other person having charge of the work of any 
employee of the United States Government to make or 
cause to be made with a stop watch or other time- 
measuring source a time study of any job of any such 
employee bet ween the starting and completion thereof, 
or of the movements of any such employee while 
engaged upon such work. No premiums, or bonus, or 

services shall be paid to any employee in addition 
to his regular wages, except for suggestions resulting 
in improvement or economy in the operation of any 
Government plant.” 

The Tavenner Bill is strongly opposed by several 
national organisations of business men, oe 
Chamber of Commerce of the United States, which 
has authorised the appointment of a committee to 
oppose Federal! legislation of this character. 





PRECAUTIONS AGAINST ACCiDENTS ON THE PENNSYL- 
VANIA RaILROAD.—In order to discover how well the 
train-operating rules and signals were being obeyed on 
the Pennsylvania Railroad system, considerably more 
than four million tests and observations, co the 
work of both officials and employees, were ied out 
during last year. The results, which have just been com- 
piled, show that only one error occurred in e' 1110 
trials, or that the working in this b was 99.9 
cent. of absolute perfection. In four of tests, in- 

ing the most impc t test of obedience to various 


way, Dalles eheetiy to, obverse the ; 
way. ures y to ve ru verning 
walehunen clationed ah quate ebomsingh easersed on Only 
ng occasions, though 62,934 observations were made. 

attention given to the matter of safety regulations is 
doubtless ly responsible for the fact that last 
was the third in succession in which no 
been killed in a train accident on the system east of 
burg Erie. Accidents to employees also continue to 
show y 


and 

a hi satisfactory diminution in numbers ; those 
spomsihiag lak sour euee fh yur caok tans toon to is gee 
vious year. . 


year 
Pitte- 


E 


akers’ Society, states the membership to be | of 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Trafic.—There wasa further decline in the 
amount of traffic dealt with at Hull during the month 

March. This is the outcome of the rigorous enforc- 
ing of the export restrictions. The total tonnage handled 
was 261,759, a reduction of 140,000 tons on the corre- 
sponding month of last year. For the first quarter of the 
i the total amount is 800,844 tons, or a falling off of 

10,000 tons from 1915, and only half the quantity of two 
years ago. About 57,293 tons were exported to France 
in March, or one-half of the total forwarded to the sane 

ination in h, 1915. During the quarter France 
has received 268,178 tons, half of the figure for last year, 
and considerably less than the total of 765,042 in the 
first quarter of 1914. The Denaby and Cadeby Main 
Collieries are about the only ones to maintain their 
positions. 

South Yorkshire Coal Trade.—The activity in the 
market for manufacturing fuels is very pronounced. 
Works are eager to obtain large stecks to carry them 
over the holidays, but as the position has long been of a 
**hand-to-mouth” description, there are not sufficient 
reserves on hand to allow such a policy to be carried 
out. As a result the large establi ents cannot con- 
template the e with equanimity. Pits are 
epee to close down from Thursday evening until 

ednesday, but by reason of the national importance of 
their industry, nearly all the large Sheffield establish- 
ments will only be on holiday for a very limited period, 

in certain instances will work right through. The 
problem of the fuel supply, therefore, is of paramount 
importance, but it does not lend itself to an solution. 
Even where the stocks have been carefully husbanded 
there is very little surplus, and manufacturers will be 
obliged to extend the extravagant policy of still further 
adapting house -coal for industrial purposes. The 
“legitimate ” demand for house - aa still declines, 
and collieries and merchants are thus better able to 
devote their attention to the serious state of the other 
departments. The inquiry for best steam is very brisk 
on the part of home consumers, whilst shipments 
for Allied countries are heavy. fuels are going 
away freely to inland works on account of contracts, 
and there are also substantial orders for foreign ports. 
Cobbles, nuts, and smalls are a difficult market, for 
the pressure of orders is beyond the ability of the mer- 
chants to deal with, and, as a consequence, prices are 
inflated, and likely to remain so for some time to come. 
Cokes are scarce, and easily maintain recent high rates. 
ne ney ye hand-picked, 20s. 6d. to 21s. 6d.; 
y best Silkstone, 18s. 6d. to 19s. 6d.; Derbyshire 
best —— 17s. 6d. to 18s. 6d. ; ly oem house, 16s. 
to 17s.; large nuts, 15s. 6d. to 16s. 6d.; small nuts, 15s. 
to 16s.; Yorkshire hards, 16s. 6d. to 17s. 6d.; Derbyshire 
hards, 16s. to 17s.; best slacks, 12s. to 13s.; seconds, 11s. 
to 12s.; smalls, 8s. to 93. per ton. 

Iron and Steel.—The shortage of steel, which has been 
felt since the turn of the year, is now more severe, and 
anxiety is being expressed as to the continued decline in 
the supplies of Bessemer and open-hearth qualities. 
Already the lack of raw material has caused manufac- 
turers to cease making certain classes of useful articles. 
~_ available home sources of steel ew eo +~ 

been aged on maximum output, and with the 
falling aren, the quantities from neutra! quarters, the 
smaller or important consumers have been crushed 
out. The unofficial buyers have little chance when com- 
ting against the purchasers on behalf of the Govern- 
“Phe tu scarcity is retarding the output of 
high-speed pms geome makers of the alloy are held up by 
a a of ore. S output is 
aren r, and ~~ are only at a low figure. 
Makers declare this to be due to the lack of the necessary 
fuel and ferro-manganese. The decline in the supplies 
has led to a further advance in prices; brands which 
in pre-war days were marked at 12/. are now 20/. dearer. 
The pig-iron market has a firm and settled tone; makers 
are strictly conforming to the Government regulations. 
Latest quotations are unchanged for West Coast hema- 
tites, whilst East Coast ordinary are 122s. 6d., and special 
from 135s. to 140s., plus cost of delivery. Buying 

is not very active. Forge foundry-iron makers are not 
receiving the heavy orders they did in the latter days of 
March ; but business is steady, with a tendency to be- 
come quieter with the approach of the holidays. Derby- 
shire makers are receiving 85s. 6d. for forge and 87s. 6d. 
for foundry iron. As to thelist of maximum — recently 
issaed by the Ministry of Manitions, an eady pub- 
lished in ENGINEERING, local makers severely criticise the 


res. A tly acid steel cannot be included, for 110. 
hha 


ton is figure it San be uced at. Dead 
oft billets are almost wholly supplied to the Government 
at11l., whilst bar-iron is 13/., or 15s. less than the official 
maximum. Local however, are easily obtaining 
premiums on their quotations. The falling-off in the orders 
and inquiries for trade continues to be con- 
si On the other hand, enormous quantities of files, 
twist-drills, and different hand-tools are still on order, 
and will be sufficient to keep works running for twelve 
months. The Salford Corporation cao | ) 
has placed a contract for steel tyres with a local firm and 
a twelve months order for iron and steel with another 
establishment. Overseas orders remain at a good figure, 
with axes, shovels, sickles, wire and steel in big demand. 





Tue Late Mr. Erasuvus Darwin Leavitt.—We t 


to have to record the death, which occurred on the 11th 


ult., of Mr. Erasmus Darwin Leavitt, the eminent 
. of Cambridge, Mass. We se to give an 
obituary notice on the deceased in an y issue, 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wedmeeday. 
The Cleveland Iron Trade.—For the time being business 
with the Continent is suspended. The ibition of pig. 
iron ¢xports was quite expected, and wonder is t 
the action has not been taken earlier. Shipments to 
buyers abroad may, it is understood, still be made under 
licence, but exporters fully realise the great difficulty 
likely to be experienced in obtaining permits for delivery 
to any foreign countries but our Allies, and are i 
no effort to do business with customers on the Vontinent. 
What sales are passing are confined to transactions for 
home consumption at the fixed maximum rates. Since 


the publication of the prohibition order the attendances 
on ‘Change have been very thin. No. 3 Cleveland pig- 
iron stan and for 


at 823. 6d. for home ee 


export the quotation is nominal at 92s. quota- 


tions for other qualities of Cleveland pig-iron are not | 


obtainable. 
Hematite Pig Iron.—There is nothing new ascertai 


rtainable 
concerning the East Coast hematite branch of the staple | 
industry. A few odd sales of Nos. 1, 2, and 3 to home | 


consumers occur from time to time at the fixed maximum 
of 122s. 6d., but there is practically no iron available for 
sale for supply earlier than three months ahead. The 
export quotation of mixed numbers remaine at 140s., but 
the figure is nominal. Deliveries to France on contracts 
continue on a fairly good scale. 


Stocks and Shipments ¢ 
are still dwindling and threaten to Spouse altogether 
in the no distant future. Practically the only stock in 
existence is the 43,776 tons of Cleveland pig in the public 
warrant stores here, all of which, with the exception of 
2332 tons of iron deliverable as standard, is No. 3 quality. 
So far this month 13,534 tons have been withdrawn from 
the warrant stores to meet current needs. Under the 


conditions prevailing, shipments of pig-iron from the port 
of Middles must be regarded as on a satisfactory 
scale. So far this month they amount to 29,741 tons, as 


compared with 26,720 tons to the same date last month, 
and 5195 tons for the corresponding part of April last 
year. 

Foreign Ore.—One or two new features have entered 
the foreign ore trade. The situation is still peculiar. 
The intention of the Government to eliminate carryin 
competition has brought down freights. In the 
market, however, the Bilbao-Middlesbrough freight is 
22s., whereas consumers buying to manufacture iron for 
home use are able to arrange freights Bilbao - Middles- 
brough through the Government at 17s. The f.o.b. price 
of Rubio of 50 per cent. quality has been raised 6d., in 
consequence, it is decl , of i d insurance, making 
the quotation at port of d tch 17s. 6d. Thus controlled 
consumers are able to pu’ best Rubio at 34s. 6d. ex- 
ship Tees, but in the open market the quotation ex-ship 
Tees is 39s. 6d. Imports of foreign ore to the Tees to 
date this month amount to 119,839 tons. 


Coke.—Business in coke for local use continues at 28s. 
at the ovens for medium blast-furnace kinds, and up to 
30s. 6d. at the ovens for qualities low in phosphorus. 


Manufactured Iron and Steel.—In the finished iron and 
steel industries manufacturers are as busily employed 
as ever on Government work. Quotations all round are 
strong. The tendency is to discontinue discounts that 
have been in vogue for years, and quote net. Following 
on steel shipbuilding material, joists, and other descrip- 
tions, this action has been taken with regard to iron bars, 
iron angles, and iron ship-plates, the two former of 
which have been advanced to maximum prices. Common 
iron bars are 131. 15s.; best bars, 14/. 2s. 6d.; double 
best bars, 14. 10s. ; treble best bars, 14/. 17s. 6d.; i 
iron (parallel), 10/.; packing-iron (tapered), 11/. 10s. 
iron ship-plates, 11/. 10s.; iron ship- angles, 132. 15s. ; 
steel ship-plates, 117. 10s. ; steel ship-angles, 11/. 2s. 6d. ; 
steel joists, 112, 2s. 6d.; and heavy sections of steel 
rails, 101, 17s. 6d.—all net. 








ASSOCIATION OF Rartway Companiss’ S1GNAL Supsr- 
INTENDENTS AND SIGNAL ENGINEERS (ENGLAND).—The 
fifty-second conference of the above Association will be 
held at the Railway Clearing House, London, on Thurs- 
day, May 11. 





OPENINGS FOR BriTisH ARTICLES IN ITALIAN MARKETS. 
—The Britieh Chamber of Commerce for Italy has re- 
cently issued two lists, Nos. 24 and 25, giving particulars 
of Italian firms who are seeking British connections. 
Information is also given in regard to the class of trade 
in each instance stated. 





_ Business wira Honexone.—The following statemen 
is taken from The London and China Telegraph :— 

Hongkong is affected by the order prohibiting Man- 
chester ard other places from continuing to supply goods 
to German firms in China, These remarks the 
Colonial Gazette, are sold with a German trade-mark or 
chop,’ and the natives have got used to them. The posi- 
tion is that the articles have to a ver extent 


made in Great Britain, but bave been handled by German | The 


firms—an arrangement which bas been to the benefit of 
both parties. Unless the British firms can now step in 
and establish direct connections, the Germans will no 
doubt obtain some goods from neutral sources and con- 
tinue to mark them with their brands, but it will not be 
esy to do so, and very high prices will have to be paid. 
The breaking up of the old combination wiil create a new 
Situation, and it is to be hoped that British merchants in 

ongkong will use it energetically in their own interests 
and those of British trade. 


Pig-Iron.—Stocks of pig-iron | 


| NOTES FROM THE SOUTH-WEST. 


Cardiff.—There is every indication of the pressure for 
most descriptions of steam coal being maintained till 
after the ter holidays. Tonnage has arrived in 
moderate quantities. Colliery outputs are reported to be 
slightly heavier, but colliery-owners have shown no dis- 
position to relax quotations for either large coal or smalls, 
> dry coal has been in somewhat less active 
d , and has been obtainable upon relatively easier 
terms. The best Admiralty steam coal has 
to some extent, nominal ; qualities have made 
48s. to 50s.; Monmouthshire black veins, 49s. to 50s. ; 
Western —. 48s. to 49s. ; Eastern Valleys, 43s. to 
45s. ; best bunker smalls, 25s. to 27s.; and cargo 8 
18s. to 2ls. per ton. As regards bituminous coal, best 

jouseholds have made 23s. to 24s. at pit; No. 3 Rhondda 
to 28s.; No. 2 
36s. to 40s.; and No. 2 smalls, 18s. to 
ton. The latest quotation for patent fuel has 
44s. to 46s. per ton. Special foundry coke for export 
has brought 57s. 6d. to 62s. 6d. ; good foundry coke, 52s. 
to 57s. 6d. ; and furnace coke, 42s. 6d. to 47s. 6d. per ton. 
iron ore, Rubio has made 39s. to 40s. per ton, upon a 
basis of 50 per cent. of iron, and charges, including freight, 
| insurance, &c. 


| _ Western Trade Matters.—On Monday the directors of the 
Bromhil) Collieries, Limited, cleared off two years’ arrears 
| of dividend upon the six per cent. preference shares.—It is 
understood that the freedom of diff will be formally 
presented to Lord Rhondda on the occasion of the 
unveiling at the City Hall next autumn of the series of 
historieal statues which his Lordship has presented to the 
city.—Something of a coal famine is feared in Wales, 
and a quotation of 50s. per ton is in sight.—On the 
other hand, there has been some relaxation in freights, 
the rate from Cardiff to Genoa being 20s. per ton 
lower than it was a few weeks ago.—The steamer Bland 
Hall, built at Sunderland, in 1914, and carrying about 
8250 tons dead weight, has been sold to British buyers for 
180,000/. ; she had been previously owned by Messrs. E. 
Nichall and Co., Cardiff.—It is proposed to divide some 
of the present 1/. shares in the Celtic Collieries, Limited, 
into two shares of 10s. each—viz., one 7 per cent. pre- 
ference and one ordinary ; the present capital of the com- 
pany is 230,000/., with 20,200/. debentures.— Quotations for 
tin plates are advancing almost from day to day; there 
is, however, only limited buying, as pure are 
-_ doing business from day to a directors 
of the Port Talbot Graving Dock and Shipbuilding Com- 
pany, Limited, have declared an interim dividend at the 
rate of 8 per cent. per annum.—The directors of the 
Sutherland Steamship Company recommend a final divi- 
dend of 4s. per share for the past financial year; the 
dividend is to be paid tax free, and that is, of course, a 
consideration.—The directors of the South Wales Elec- 
trical Power-Distribution Company, Limited, state that 
the business of the company showed a material increase 
in 1915, 28,967,656 units having been sold, as compared 
with 26,510,198 units in 1914. fter payment of worki 
interest on prior lien debenture stock, 

allowance for depreciation, 
for 1914, as com i 
5347/. for 1914. 
payment of further debenture stock interest, 1756/. being 
also added to a suspense account. 





with a corresponding surplus of 





American Power Puiant.—The West Penn Power 
Company has now a 60,000-kw. station at Connellsville, 
Pennsylvania. The company is building a 150,000-kw. 
power-station av Willeburg, West Virginia, and _pro- 
poses also to develop a 100,000-kw. plant on the Allegheny 
at Freeport, Pennsylvania. The West Penn Company 
now has 40,000-horse-power turbines being built by the 
Ge Electric Company, while the next unit pur- 
chased may be one of 50,000 horse-power. 





Stricon-Bronze Wires or 1000 Fr. Span. — In con- 
nection with the electric- power distribution in the 
Province of Pommerania, Prussia, a strait of the Baltic 
has been crossed by stranded conductors of a length of 
1000 ft. The River Oder flows (some miles below Stettin) 
into the Stettin Haft, which is separated from the Baltic 
by the islands of Usedom and Wollin, but communicates 
with the Baltic by three, mostly sballow channels known 
as Peene, Swine, Dievenow. I is the easternmost of 
these channels, the Dievenow, which has been crossed. 
On each bank an iron mast, 50m. (165 ft.) high, has 
been erected. The nd on both banks is marshy, and 
ferro-concrete foundations had to be sunk to a depth of 
6 m. into meen, te wane ay coe on oe Four 
concrete piers have been fixed at the corners of a 
square of 6 m. wide; on and in these piers rests the 
concrete basi r of the mast. It was originally in- 
tended to build each mast in three sections, and to join 
the sections up while the mast was lying on the ground, 
before erection. There was, however, an accident, states 
J.C. Bohnenberger, in the Elektrotechnische Zeitschrift of 
December 9 last. The bottom section, therefore, was 
fixed first, and the two other sections were then raised on 
it and fitted in position. Each mast weighs 67.5 tons. 
masts support three stranded conductors of 
25 mm. sq. ; the width of the channel is 304.5 m., and 
the wires sag by 16.5 m., leaving aclear height of 35 m. 
(117 ft.) above mean water-level. A special hydro-electric 
power-station was to be built in the district. For the 
present the line has been joined to the central power- 
stations at Stralsund, Stettin, Swineminde and | ‘ 
the last of which is over 70 miles from the Dievenow. 
The feeders carry three-phase current at 40,000 volts. 
| There are many large farms in Pommerania on which 
electric power is largely utilised. 





| 
there was a surplus of 6756l. 
t year’s surplus was applied to the | 85 


, MAXIMOM PRICES OF COKE AND BAR 
IRON AND STEEL. 


In continuation of the list of maximum prices given on 
page 351 ante, the Ministry of Munitions forwards the 
ol!owing :— 
Coxe. 
Per Ton Net F.O.T. 


Makers’ Ovene. 
Durham : 8. d. 
Biast-furnace coke... ‘ os aa wa 18 0 
Special blast-furnace coke, guaranteed under 
0.008 of phosphorus. . as ee ée os 110 6 
Fvundry .. ee o¢ ee es we ee 110 6 
South Yorkshire, West Yorkehivre, North Staford- 
| shire, North ——- te South Wales .. es 40 
B'ast-furnace coke .. ee os 110 0 
Maximum Priogs or Sree. 
| Per Ton F.O.T. 
| Makers’ Works. 
Angles, ordinary si nie 
| ordinary sizes.. 1 6 
Joists oe oe ee ll 2 6 
plates 1110 0 
tes... 1210 0 
Rails (railway) .. ‘ on 1017 6 
Sheet and tin- - 10 7 6 
Billets, ordinary mild steel .. 10 7 6 
»  *pecial .. “* as on ‘ve . 288 
All plus usual standard extras. 
Bar Iron. 
Per Ton Net F.0.T. 
Makers’ Worke. 
£ «a. 
South Staffs : - 
Standard qaality, ordinary sizes and merchants 
ee ° ee 18 15 


lengths. . ee oe éq 0 
Marked bars (less 24 per cent.) 0 
South Yorkshire : 

Standard quality, ord'nary sizes and merchants 

lengths. . oe ve - ea oe 
North of England : 
Standard quality, ordinary sizes and merchants 


Lancashire : 
8 andard quality, ordinary sizes and merchants 
lengths. . oe oe - se - . 831 0 
Scotch Bar Tron 
Standard quality, ordinary sizes and merchants 
lengths. . a se oe x oe F mi 0 
All subject to the usual extras for special sizes and «,ualities. 


These prices are not intended to apply to sections rolled 
by manufacturers who do not make their own steel or 
puddled bars, but have to purchase blooms, billets, or 
puddled bars from other sources. 


Hieu-Sprrp Toou-Stree.. 


The maximrm prices fur high-spced tovl-steel have 
been fixed as follows :—Finithed bars, 14 per cent. tung- 
sten, 2s. 10d. per Ib. basis; ditto, 18 per cent. tungsten, 
3s. 10d. per lb. basis; usual trade extras for special sizes, 
&c. These prices are net deliv buyers’ works. 

The fixed prices for scrap, which must be returned to 
steel-makers’ works, are as follows :—Millings and turn- 
i 5d. per Ib. nev, delivered steel-makers’ works ; bar 
ends, 6d. per Ib. net, delivered steel-makers’ works. 

It should be added that these maximum prices have 
been fixed until June 30, 1916, and thereafter until 
further notice, and, further, that the makers may sell for 
delivery after June 30, 1916, on the understanding that 
the fixed maximum prices ruling on the first day of an 
month during the period of the contract will apply to all 
deliveries made during that month. Those maximum 
prices are based upon the abnormal costs and conditions 
now prevailing, and must not be assumed to be indicative 
of any difference in relative values which may have ob- 
‘tained in the several districts before the war, and may 
obtain again after the war. This intimation must not be 
taken to authorise any sale or purchase or other dealing 
prohibited under the Defence of the Realm Regulations. 








Tue Mororn-Car Rep-Book, 1916.—This book for the 

resent year—the sixth annual issue—is compiled by 

+sers. W. O. Bersey and W. V. Foucart, is pub- 
lished by the Technical Publishing Company, Limited, 
1, Gough-square, Fleet-strest, E.C., at the price of 
5s. 5d. net, post free. It contains an alphabetical list of 
motor-cars and manufactured from 1910 to 1916, 
with theif list prices for each year. Similar information 
is given for motor-cycles and commercial motor vehicles. 
The marine motors are also dealt with in the same way, 
the prices for 1916 ey quoted. The contains, 
farther, an alphabetical list of the aircraft and engines 
manufactured in 1916, and a very detailed trade index 
under several headings. 

Our Coat Aproap.—The exports of coal from the 
United Kingdom in the thiee months ended March 31, 
this year, were 9,290,828 tons, as com with 11,219,726 
to: s in the first three months of 1915 and 17,430,369 tonsa 
in the first three months of 1914. These totals were in- 
creased by the addition of coke and patent fuel to 
9,775,276 tons, 11,698,248 tons, and 18,234,299 tons 
respectively. Bunker coal was also shipped for the use 
of steamers engaged in foreign trade in the first three 
months of this year to the extent of 3,273,225 tons, as com- 

with 3,978,631 tons and 5,035,448 tons respectively. 

n one form or ano coal has accordingly been leaving 
our shores at the rate of 52,194,004 tons per snnum, as com- 
with 62,707,516 tons in 1915 and 93,078,985 tons in 

914. The exports of coal, coke, and patent fuel in March 
were 3,281,793 tons, as compared with 4,143,756 tons in 
March, 1915, and 6,170,720 tons in March, 1914. 
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SCIENCE AND INDUSTRY. 
Wuitst we most thoroughly believe that the 
< e of the enormous war debt now being 
piled up can only be effected, without grave dis- 
comfort to the public at large, by a much closer 
application of science to industry, there is perhaps 
some danger that the public may be led to expect 
too easy and too immediate returns. Speaking 
recently to the Aberdeen Chamber of Commerce, 
Professor F. Soddy, F.R.S., is reported to have 
claimed that a chemist ‘‘ might be able to put on 
half a sheet of notepaper that which would keep a 
whole class in the community in prosperity for a 
generation.” At the best such a statement is only 
true in a very limited sense, and, we fear, may prove 
dangerously misleading. Between what Mr. James 
Swinburne has called ‘‘ raw” science and industrial 
science there is a very great gulf fixed, which it is 
the province of the engineer or industrial chemist to 
bridge. That the heavy electrical industries of the 
— day are based on the discoveries of Michael 
araday is universally recognised, but the commer- 
cial and industrial value of these as they came from 
araday was insignificant. A prodigious effort of 
thought, years of toil, and —_ courage on the 
part of financiers were needed to make remunera- 
tive the vast territory through which Faraday 
drove his pioneering path. The same statement 
holds as to wireless telegraphy, which originated in 
the laboratory experiments of Hertz; but without 
the intent intelligence of Marconi and the faith and 
daring of those who financed him during many lean 
years, electric waves would still probably be merely 
a curiosity of the laboratory. 

The assumption that raw science as it comes from 
the laboratory of the pioneer is of immediate com- 
mercial value nary also to be made in an article 
recently contributed to The Times by Professor 
W. C. McC. Lewis, head of the Department of 
Physical Chemistry at Liverpool University. Pro- 
fessor Lewis observes that ‘‘the great stumbling- 
block in the way of greater reciprocity between 
science and industry is simply the lack of recogni- 
tion of the fact that the step between a scientific 
principle and an industrial operation is, as a rule, 
an immediate one.” We hardly think that this 
contention is supported by practical experience 
in general. Indeed, the instance he takes to 
show this presumed close connection between pure 


-| science and its technical application is a singularly 


unhappy one. He observes, very rightly, that the 

evention of tube corrosion in surface condensers 
is of the utmost importance, and quotes an official 
t the annual loss from this 
cause in the United States Navy alone amounts to 
two million dollars. It was, of course, for reasons of 
this kind that the Institute of Metals arranged for 
the investigation now in p at Liverpool 
University, and we are fully of the opinion that the 
investigation should be continued and liberally 
supported. Nevertheless, although the research 
has now extended over several years, hardly any- 
thing of immediate practical value has as yet 
accrued. Indeed, the few tentative recommenda- 
tions embodied in the last report of this Committee 
showed that those responsible for the conduct of 


, | the research had paid insufficient attention to the 


engineering aspects of the problem. Thus the 

ion was made that the rate of corrosion 
should be reduced by sending the circulating water 
through the tubes all in 1 instead of, as 
usual, having two or more “nests” of tubes in 


w. | alternatively, it. wou 





series with each other. Such a proposal would 
either involve a material increase in the power 
expended in pumping the circulating water, or, 

d, owing to the reduction 
in the water speed, imply an enormous decrease 
in the efficiency of the cooling surface. This, in 
its turn, would result in a vacuum, and con- 
sequent great increase in the fuel consumption. 
The — practicable plan of preventing tube corro- 
sion dealt with at the recent meeting of the Institute 
of Metals ap to owe little or nothing to the 
researches made at Liverpool. Nevertheless, the 
work of the Committee should undoubtedly be con- 
tinued, but the connection between the observa- 
tions there made and practical work is not likely to 
be very direct or immediate, as the investigators 
almost of necessity are lacking in that practical 
experience which is generally required to adapt 
laboratory results to industrial ends. 

The true relationship between the science of the 
schools and that of the workshop is, we think, far 
more accurately set forth by Dr. L. H. Baekeland, in 
an address to the New York section of the Society 
of Chemical Industry, on the award to him of the 
Perkin Medal. Laboratory science is, in fact, 
seldom comprehensive enough to. be applicable to 
practical ends without careful collation and correc- 
tion. A pioneer cannot, in the nature of things, 
be ex to make more than a general reconnais- 
sance of the field covered by his investigations. 
The exact features of the territory he opens must 
accordingly be established by a much more elaborate 
survey than he is in a position to make, and this 
operation almost invariably implies much thought, 
much labour, and a very heavy cash expenditure. 

Dr. Baekeland observes that when engaged in 
teaching chemistry he believed everything to be as 
simple as the text-books indicated. is view 
— until < tried to — a — 4 

e commercial preparation of photographic emul- 
sions. Stas, it Sod team had n three or 
four different varieties of this salt, but Dr. Baeke- 
land says that his own experience forced him to the 
conclusion that there were —- a hundred 
varieties, of which one only would ensure him 
success as a manufacturer. Again, he relates that 
it took four years and an expenditure of 300,000dols. 
to make a commercial success of the Townsend 
diaphragm cell for the electrolytic production of 
caustic soda. Indeed, Dr. Baekeland delivered an 
emphatic warning against such views as those we are 
criticising. The assumption that the step between 
a scientific principle and its industrial application is 
immediate led again and again to the erection 
of full-sized plants, in the hope of securing an 
immediate return, before all the doubtful details 
have been eliminated—a process which is generally 
only practicable by experimenting under approxi- 
mately commercial conditions, even if it be on only 
a somewhat moderate scale. The consequent set- 
back to an extension of the application of science to 
industry, is, perhaps, only one degree less serious 
than when some promising idea gets into the hands 
of a Stock Exchange speculator wholly uninterested 
in attaining industrial success, and anxious merely to 
unload at a profit his risks on to a confiding public. 





LOW-TEMPERATURE CARBONISATION 
OF COAL. 
Tue theoretical advantages of low-temperature 


carbonisation of coal, which have formed the 
subject of numerous lectures and pa durin 
recent years, have attained to hig ractica 
importance since the war began. The demands 


of the Government for the various raw materials 
of high explosives have obliged the gas companies 
to discontinue the manufacture of water-gas and 
to confine themselves to the use of coal alone, 
with the result that the output of coke has in- 
creased, and it has become a matter of difficulty 
to find customers for it. Gas-coke falls between 
two stools; it is not hard enough for metal- 
lurgical p and it is somewhat too hard 
for domestic needs. It has, of course, a fairly 
defined field of usefulness, but this is limited, and 
it is not easy to widen it except by a greater 
reduction of price than the companies care to give. 
What the Government needs is tar, and not either 
coke or gas; and high-temperature carbonisation, 
such as is conducted in a gas works, is not favour- 
able to a great yield of tar. Low-temperature 
carbonisation, on the other hand, yields a po 
amount of ter rich in many of the bodies which are 
in special demand just now, while the coke, when 
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the process is successfully conducted, is admirably 
fitted for domestic uses, as it lights readily and 
burns with a flame. 

According to Professor Bone, low-temperature 

distillation (say at 400 deg. to 500 deg. Cent.) has 
the effect of decomposing the smoke-produci 
resinous constituent of coal. The tars obtain 
are richer in light oils than ordinary gas works tars, 
and contain paraffins, naphthalenes, as well as 
benzenes and phenols. The gas obtained is smaller 
in volume, but richer in its content of methane 
and paraffins. Mr. Harold Moore, M.Sc., speaking 
before the Manchester Association of Engineers last 
February on fuel-oils from coal, said that horizontal 
hye yielded 5} per cent. by weight of tar 
rom the fuel used, coke-ovens yielded 4 to 5 per 
cent. of tar, while the low-temperature a a 
yielded 10 to 20 per cent. of tar. The following is 
an estimate (not by Professor Bone) of the residual 
products from the tar resulting from the low-tem- 
perature combustion of 200 tons of coal :— 


Sulphate of ammonia . 2.68 tons 
gals. 
Benzol, 90s. ... 624 
Toluol, 90s. ... 82 
Xylol, 90s. ... 21 
Melvent ma tha 63 
Heavy naphtha 163 
Orenylio scid 607 
co acid ... 
Oreosote cal 460 
Lubricating oil 180 
Diesel-engine oil 190 
Total .-- 17764 
Pitch ... . 9 tons 


In addition the rich gas produced can be washed 
for benzol, toluol, and xylol, the quantities ob- 
tained being put at 600 ons, 100 gallons, and 
20 gallons respectively. e importance of benzol 
as a motor fuel is very great, for not only does it 
serve our present enormous needs, but it also aids 
in maintaining the balance of trade, which is 
heavily against us. 

It must not be forgotten the low-temperature car- 
bonisation presents many difficulties, as numerous 
persons have found to their cost, and in addition 
to the technical difficulties of the itself 
there is the question of educating the public in 
the use of an unaccustomed fuel, and in gaining the 
zealous co-operation of tar-distillers and others, 
who have to adapt themselves to new products. 
There is reason to believe, however, that these 
difficulties are fast disappearing, for the Treasury 
is giving financial assistance to the building of a 
large carbonisation works at Barnsley, and we all 
know with what aversion they regard all specu- 
lative expenditure. A 50-ton unit is nearly com- 

leted at the works of the Old Silkstone ieries, 

imited, Rarnsley. A tar-distilling and benzol- 
recovery plant is being erected, and arrangements 
are being made with the Yorkshire Electric Power 
Company to take the bulk of the washed gas for 
fuel purposes. The coke is, of course, to be sold. 

The experiment, it will be seen, is to be con- 
ducted on a really commercial scale and under the 
most favourable conditions, for there is, during the 
war, a most ample demand for all of the products, 
except the lighting gas, and, as explained, a market 
has been found for that. The colliery has, it is 
stated, undertaken to supply up to 200 tons of 
suitable slack per day. 

There is, we understand, a project on foot for 
another works, representing a combined manufac- 
ture from which there will be little or no residual 
coke. The scheme is to use low-temperature 
carbonisation as the first he a manufacture of 
which the final outcome will tar products, elec- 
tric energy, and artificial nitrogenous fertilisers. 
It is intended that the station shall supply current 
for lighting, as well as for the furnaces, and so it 
will have a load factor of 60 per cent. or more. 
The fertiliser process is th» one that starts with 
the production of calcium carbide, of which one of 
the constituents is coal in some form, and ends in 
cyanamide, which is capable of many transforma- 
tions. The gas will be used for power generation, 
and the coke in the carbide furnaces. 





RADIATIONS FROM ATOMS AND 
ELECTRONS, 

Ow Saturday afternoon last, Sir J. J. Thomson, 
O.M., P.R.S., delivered, at the Royal Institution, 
the concluding lecture of his extraordinarily inte- 
— course on the above subject. On this occasion 

© sai 


that at the end of his last lecture he had 





referred to Stark’s discovery of an effect uced 
on the lines given out by a body when this body was 
exposed toa strong electric field. A number of cases 
were represented in Figs. 1, 2, and 3, from which it 
would be seen that the effect produced on the lines 
was by no means uniform even when these lines all 
to the same spectral series. Thus the 

red line of hydrogen was, it would be seen, broken 
uP into three components, the 8 line into four, 
whilst the resolution of the y and 3 lines was of a 
still more complex character. All these lines 
belonged to the same Balmer series, and yet the effect 
of the electric field on them was, it would be seen, 
very different. In the case of helium, again, there 
were similar anomalies. The D, line, for example, 
was not affected at all, but the others were, and 
in increasing degrees of complexity the shorter 
the wave-length, the line with wave-length 3820 
being, it would be seen, broken up into two 
sets of four components each. In the case of 
lithium, again, it would be seen that whilst 
one line was quite unaffected, another was broken 
up into two sets of three components, and 
another into two sets each of four com- 
ponents. Thus the effect of an electric field was 
not only complex, but varied in the most striking 
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way even when the lines concerned belonged to 
the same series. The strength of the field in these 
experiments was 28,500 volts per cm. 

e effect of an electric field was, Sir Joseph 
continued, responsible for the great a. of 
the lines observed in certain conditions. us 
when the spectrum of hydrogen was produced by 
the disc through a vacuum tube, a great 
number of ions were liberated, and the electric 
field in the immediate neighbourhood of one of 
these ions was very large. Hence a luminous atom, 
if close to one of these ions, would be emitting its 
light in a strong field, and its lines would therefore 
be split up in a manner analogous to that repre- 
sented in Fig. 1. The latter, however, showed the 
effect of a uniform field, but the field in the dis- 
charge-tube was by no means constant. Hence the 
constituents sent out would be spaced at different 
distances from the ‘‘ rest” itions of the lines, 
and we got accordingly not detached components, 
but a spreading out of the line into a kind of 
ribbon. We should thus expect when the lines 
were emitted amidst ch atoms that they 
would broaden out and become more like bands, 
because the luminous centres were then exposed 
to strong electric fields of all kinds of intensities, 
giving rise accordingly to componente at all dis- 
tances from the normal ition of the line. 

The explanation of this effect of an electric field 
was not yet quite clear. He might, however, call 
attention to a possible way of looking at the matter 
closely analogous to that he had adopted in de- 
scribing the man effect. He had, in a previous 
lecture, shown that we could picture this effect if 
there — in the atom, a agen pap Neer the 
magnetic field was very strong and i e spectral 
lines were due to electrons spinning round the 








lines of magnetic force. Anything that varied the 
etic field would alter the speed of the spin, 

and in consequence of this, the position of the 
line in the spectrum. It was natural to look to 
a movement of electrons as msible for the 
etic field. In fact, if an electron § de- 
aaled a circle it gave rise to a magnetic field 
very similar to that which would be produced 
by a current of electricity flowing round the same 
th. Hence a revolving electron was the equiva- 
ent of a magnet, the strength of the field produced 

i proportional to the moment of momentum 
of the electron about the centre of its motion. 
If this moment of momentum were altered, the 
magnetic force would also be altered. If, there- 
fore, we had in the atom the electrical analogue 
of a magnet, the position of the lines in the 
spectrum would be changed by the application of 
an external electric field. Suppose within the atom 
there was accordingly a negative charge lying close 
to a positive c , the two forming a di-pole. 
Lines of force forming closed circuits would go out 
from this di-pole, as indicated in Fig. 4, and at 
a certain point the direction of this force would 
be at right angles to the axis of the di-pole, 
and an electron placed at A would be attracted 
in the direction of the force. If it were revolving 
steadily round the di-pole axis, it would produce a 
magnetic field having a moment proportional to va, 
v bei the velocity of the electron. Hence, 
if another electron fell into the atom and spun 
round the axis of the field produced in the 
way just explained, this incomer would have a 
certain definite rate of revolution. If now an 
external electric force were applied, the electron, 
the steady motion of which produced the magnetic 
field, would have to find a new position of equi- 
librium, where the external force would just 
balance the force of the di-pole. The orbit de- 
scribed by it would therefore be shifted, and the 
moment of the magnet equivalent to it would 
be changed. Hence, if an electron now fell in 
as before, giving rise to a spectral line, this line 
would be shifted from its normal position. 

In another way of looking at the matter, the 
shift of the spectral line was attributed directly to 
the change in the orbit of the electron responsible 
for the magnetic field. It was, however, difficult to 
believe that the spectral lines could be due to 
electrons in steady motion in a circle. If such 
= were emitting radiation, they must be 
osing energy, and their paths could not therefore be 
stationary. Theelectron would be bound to fall in, 
the radiation would come to an end, and there would, 
moreover, be no guarantee that the time of vibra- 
tion of the light emitted during the process would 
remain the same throughout. If there were ap- 
preciable radiation from an electron traversing 4 
steady orbit, it would accordingly be difficult to 
reconcile this emission of energy with the steadiness 
of the position of the spectral lines, which must, it 
would seem, be in such case drawn out into 
bands. If, however, there were no radiation, 
there would be no light. It would be seen from 
these considerations that there were formidable 
difficulties in attributing the spectrum to radiation 
from electrons in steady motion, and for concluding 
that the lines must be produced in conditions of 
rapid change, as when an electron entering from 
the exterior spun round a line of magnetic force. 

One point of great importance was the constitu- 
tion of the energy of light. Newton regarded light 
as consisting of a number of small particles moving 
at great speed. On his theory, therefore, light 
was molecular in structure, its molecules being his 

uscles, each of which represented a perfectly 
definite unit. On the undulatory theory, on the other 
hand, the energy of light (implicitly at least) was 


regarded as a ectly continuous quantity. This 
theory had tp enormous success in explaining 


optical phenomena, in which connection it had long 
been the only one to be considered. From 4 
historical standpoint, however, it was interesting to 
note that if our Eaeatedes of the electrical effects of 
light had been developed in Newton’s time, the 
case for his view would have appeared so over- 


whelming that the speaker did not believe that 
the undulatory theory would have ever got through 
the early stages of its development. ese effects 


of light on electricity could be accounted for very 
simply on Newton’s view, but were exceedingly 
difficult to explain on the ordinary conception 
of the undulatory theory. What was required 
was some way of combining the two so as to 
get the steadiness of the train needed in optical 
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phenomena, with the individual unite of energy 
required to account for the electrical effects. 
He could not, the lecturer proceeded, show at a 
public lecture, in quantitative fashion,‘the experi- 
ments which inclined physicists to believe that light 
had some kind of molecular structure. Evidence 
of the most straightforward kind was, however, 
afforded by the action of light on a plate of metal. 
If, for example, ultra-violet light were allowed to 
fall on such a plate, it made the metal shoot out 
negatively-charged icles, and with some con- 
siderable velocity. This velocity could be measured 
by finding to what positive potential the plate must 
be charged in order to prevent the escape of the 
particles. Investigations thus made showed that 
the velocity with which the particles shot out, did not 
a in the least on the intensity of the light, but 
only on its quality. On the undulatory theory, it 
would be natural, however, to expect that the more 
the light energy falling on the plate, the greater 
should be the speed of the particles shot out. 
Actual experiment, on the other hand, showed that 
this speed was the same whether the source of 
light were close up to the plate or the length of the 
room away. So long as there was no change in the 
quality of the light used, the energy in each little 
particle shot out was simply proportional to the 
number of vibrations made per second by the 
exciting light. This energy (E) was, in fact, given 
by Planck’s relation—viz. :— 


E=hn, 


where h was an absolute constant and n the number 
of vibrations made per second by the light. This 
was a very remarkable result. The energy of the 
particles did not depend upon the amount of light 
energy falling on each unit surface of the plate, 
but only on the frequency of this light, and with 
this frequency it was connected in the above very 
simple way. 

he kind of effect discussed above was shown by 
the lecturer by an experiment in which a metal plate 
was connected up toa gold-leaf electrometer, and 
exposed tothe action of ultra-violet light. With 
the plate negatively charged the electroscope was 
rapidly discharged, whilst when the ee was posi- 
tively electrified there was no loss of charge ; the 
negative particles which would otherwise have been 
liberated by the action of the light being retained 
by the attraction of the positive charge. By measur- 
ing accurately what positive charge just sufficed to 
stop the emission the velocity natural to the particles 
could, Professor Thomson said, be determined. 
The results showed that this velocity depended 
solely on the wave-length of the light, being, when 
due corrections were made, independent even of the 
nature of the substanceacted on. This result could 
be easily explained on Newton’s view, according to 
which, if more light corpuscles struck the plate, 
more particles would be liberated ; but the speed 
with which they came out would be unaffected. On 
the undulatory theory, however, this was the re- 
verse of what would be anticipated. 

Experiments of the kind illustrated afforded, Sir 
Joseph continued, one piece of evidence in favour 
of a corpuscular constitution of light ; another was 
derived from the effects produced when light of 
less than a certain wave-length was passed through 
vapours. The effect was to make these vapours 
conductors of electricity. This the speaker showed 
by passing the light of an are through quartz 
windows and into a quartz vessel filled with 
vapour of mercury. A ate placed in this vessel 
was connected up to ac electroscope, and it 
was shown that the action of the light was to cause 
a rapid loss of charge. When, however, a thin 
piece of glass was interposed in the path of the 
beam of light, the discharge » since it 
was only ultra-violet light which had the pro- 
perty of making the vapour a conductor, and 
this light was stopped by the glass. Accurate 
measurements, the lecturer proceeded, showed 
that the effect on the vapour appeared quite 
suddenly with a certain definite waeotmalh in 
the light. It could not be produced by ordinary 
visible light, however intense, and the action 
of the most powerful are had no effect if its light 
a through glass on its way to the vapour. To 
02 effective the wave-len of the light must be 
less than a certain definite value. With light of the 
proper wave-length, however, the conductivity pro- 
duced was proportional to the intensity of the light. 

This again could be explained on Newton’s view. 
To make the gas a conductor a certain energy 
was required to knock out negative particles from 





its atoms. An ‘“‘ultra-blue” 
ficient en to do this, but a ‘‘red” corpuscle 
had not. e fact that there was no effect what- 
ever the intensity of the light, if of wrong wave- 
1 » was, on the other hand, very difficult to 
explain on the undulatory theory. 

urther evidence in favour of Newton’s view was 
vided by a study of the ionisation of gases by 
ntgen rays. These rays were a variety of light, 
but owing to their very short wave-length their 
effect in rendering gases conductive was very 
pronounced. Experiment showed that the pheno- 
mena followed a very simple law. The earlier 
experiments indicated that if the whole of the 
Rontgen rays were absorbed in a gas, the 
number of charged particles produced was indepen- 
dent of the nature of the gas. In short, so long 
as the rays were completely absorbed, the number 
of negative particles produced was the same, what- 
ever the absorbent used. Guided by these observa- 
tions, the speaker had put forward an explanation of 
the phenomena. Subsequent experiments had, how- 
ever, shown that the law was not accurately ful- 
filled in the case of certain gases, but still more 
recently Barkla had proved that if a in one 
way the law was perfectly true. Under the action 
of Réntgen rays the molecules of the gas acted on 
emitted negatively-c ed particles, which had a 
very high velocity, and these negative particles 
were the primary cause of the conductivity found. 
This conductivity was not due to the direct effect 
of the Réntgen rays, which merely caused a small 
number of molecules to expel these high-speed 
electrons, and these then ionised the gas and 


e had suf- 
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made it a conductor. Barkla had proved that the 
number of these primary high-speed particles pro- 
duced by a given beam of Réntgen rays was the 
same whatever the gas acted on, provided that in 
in each case the rays were completely absorbed. 
With this proviso, whether the gas acted on 
were hydrogen or the heaviest known, « primary 
electron ap’ in the gas for every ‘‘ unit” com- 
prised in the bundle of Réntgen rays. This was 
exactly the kind of evidence which was thought 
convincing in proving the existence of ‘‘atoms of 
electricity” in electrolysis, and it was equally 
forcible in proving the molecular constitution of 
the Réntgen rays. Each high-speed electron pro- 
duced by the latter was thus, in short, accompanied 
by the disappearance of some unit in the Rontgen 


rays. 

Tn considering such matters a mechanical model 
was often of assistance, and the Réntgen-ray unit 
might perhaps be looked upon as a line of electric 
force in the shape of a complete circle which moved 
through space with the velocity of light. The 
direction of the force being tangential to the line, 
the component in the direction of the motion would 
have a periodic character varying according to a 
sine law from plus in front to negative behind. 
If this unit ap hed a neutral atom, which was 
a doublet consisting of a positive lying adjacent 
to an equal negative ch of electricity, the inter- 
action of the two would be somewhat as repre- 
sented in Figs. 5 to 8. The moving circular line 
of force wat 
while the line of force between the two c 
would bulge upwards as indicated. At a later 
stage the two would meet as in Fig. 7. 

ere would thus be a tendency for the ring to 
break at the point D, and this k would take 
place if the electric force in the ring were stronger 
than the electric force between the positive and 
negative charges in the atom. We would thus get 
the condition represented in Fig. 8, the negative 
particle being torn out and t off at great 


bulge out as indicated in Fig. 6, | been 


velocity. In this process the Réntgen-ray unit 
would evidently be broken up and pone. ite 
energy being transferred to the electron which it 
had caused to shoot away. On the other hand, if 
the force in the ring were less than that uniting 
the di-pole, the ring would wriggle free and go on 

ed. The process above described could be 
re and a Rootgen-ray unit produced from a 
cathode particle. 

Similar ideas would apply to ordinary light, of 
which a Réntgen ray was only one form. Such 
units as described would take the place of 
Newton’s corpuscles, and all would proceed swim- 
mingly so long as we had only to deal with electrical 
phenomena. The trouble came in when we had to 
explain other properties of light. Thus optical 
phenomena required the existence of a regular 
sequence of such units extending over, say, 
100,000 periods. On the other hand, the natural 
view was that all such units would be independent 
of each other, and in that case it was difficult to see 
how the necessary ity of phase was to be pro- 
vided if light were due to the ejection of units of 
this kind. 


The speaker’s view was that the n regu- 
larity ge oes was imposed on the units by the 
medium thro h which they travelled. Only those 
particles which showed the necessary regularit; 
would get through, the others being sent back till 
they had learnt to arrive in the right phase. In 
this connection a remark made by Stokes had 
been far too frequently ignored. Stokes observed 
that, to get refraction, the vibrations must con- 
tinue for a —— time. a _ few — 
tions received should go straight through the 
medium without being aiinmrne and refraction 
would only arise after something had been set 
swinging in the atoms of the refracting body. This 
idea was applicable to light unite of the nature 
sketched above. Suppose that something in the 
volume of the body was set in vibration by some 
light unit which had just fallen into it, disturb- 
ing the electric field of force in the atom. If 
another light unit came up with ite field of force 
parallel to the then instantaneous direction of the 
electric force in the atom, it would get through 
without difficulty. If, however, the two fields were 
in opposite directions, and that of the atom were 
the stronger, the light unit would be repelled. 

For example, on the electro - magnetic theory 
of light, if the vertical (Fig. 9) denoted the 
direction of the electric force in light, and the 
horizontal that of the magnetic force, the direc- 
tion in which the ene was propagated was 
at right angles to both forces, and in the case 
indicated would be out from the paper. If the 
electric force were reversed, the direction of the 
flow of ene would also be reversed. Hence 
when a anal light came up to an atom disturbed 
by the passage of a predecessor, it might find the 
electric field inside the atom o to its own 
field, and would consequently fail to get through. 
Any violent difference in phase would thus give 
rise to a sorting out of the particles. If exactly in 

hase they would get through without difficulty, 

ut otherwise be repelled, to come back again as the 
opposing force fell off. They would, so to speak, 
keep knocking and knocking at the atoms of the 
meio until the conditions were such as to permit 
of their passage. In this way the medium would im- 
on the light units a regular sequence of phase. 
The particles could not, in short, get through as a 
disorganised crowd, but must keep in step, the resul- 
tant uniformity being therefore im by the 
medium, and not impressed on them by their 
source. On this view the latter kept on erupting 
units a ularly, which were afterwards drilled 
into step by the medium. 

Along these lines he thought it would be pos- 
sible to obtain the uniformity required in optics, 
and to still retain the units, the existence of which 
seemed necessary toaccount for the electrical effects. 

In this connection he would observe that, in order 
to explain certain optical phenomena, Newton had 
led to endow his corpuscles with ‘“‘ fits of 
transmission” and ‘‘ fits of easy reflection.” 
If the corpuscle met the surface of a medium during 
a fit of easy transmission, it passed through, and in 
the contrary case was reflected. On the rise of the 
undulatory wape Ho good deal of satire had been 
heaped on the arbitrary and artificial character of 
this conception, but on the electro-magnetic theory of 
light Newton’s “‘ fite” formed a just corollary to our 





on of the way in which the en was trans- 
mi an electro-magnetic um. If light 
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came up to an atom and found the intrinsic electric 
field of the latter in the same direction as its own, 


the light would in the same direction as 
before, and, in Newton's would be in a 
** fit of easy transmission.” ‘If, on the other hand, 


the two fields were oppositely directed, and the 
atomic field were the stronger, the light would be 
pushed back. Hence, taking the most modern 
views as to the transmission of energy in an 
electro-magnetic field, Newton’s method was one 
way—and by no means a bad way—of describing 
the process. 

In some such way as the foregoing, it would, 
Professor Thomson concluded, be possible to retain 
the essentials n to explain optical effects 
with the atomic constitution needed to account for 
electrical phenomena. 





NOTES. 
Tue Society or British AIRCRAFT 
ConsTRUCTORS. 

Every day brings new evidence of the immense 
importance of aircraft in warfare, and suggestion 
of the necessity for the co-ordination of skill in 
design and manufacture, and for the prosecution 
of a vigorous policy, in order that the ability, ex- 
perience, and resource of aircraft constructors 
should be utilised to the fullest possible extent by 
the British Government and by our Allies. We 
say nothing here of the potentiality of aircraft for 
the transport of ngers when peace is restored, 
because that oceans to the future, which has 
great possibilities, not only in this, but in many 
other respects. For these reasons we welcome the 
organisation of the Society of British Aircraft 
Constructors, because the science of aeronautics is 
one which stands more or less by itself, and with- 
out such a society the great variety of scientific 
and technical institutions organised in this country 
would be incomplete now, as well as in the imme- 
diate future. Several of those existing societies 
deal in a somewhat nebulous way with this branch 
of science ; but it is so important, and demands 
such concentration, as to establish a claim for a 
special representation amongst the ‘ learned 
societies.” The objects of the new organisation are 
commercial as well as scientific, but naturally, for 
the present, the latter must stand in abeyance, as 
the demand for secrecy regarding the work done in 
design and manufacture precludes any contribu- 
tions or discussions of a technical nature at the 
proceedings of such an organisation. But there 
is wide scope for private conference, with the 
possibility of invaluable service in the direc- 
tion of co-ordination in design. On the commer- 
cial side the advantages are no less important 
at the present moment, because there will be 
possibility of collective action to impress upon the 
authorities the necessity for utilising all our re- 
sources. The Society begins its career under the 
happiest auspices, as its membership already in- 
cludes every company now engaged on aircraft 
construction, and these companies have nominated 
their experts to represent them at the meetings. 
Members may be individuals, partnerships or cor- 
porations nominating one of the members, directors 
or officers to represent them. The entrance fee is 
301., the annual subscription 201. Associate members 
are also to be elected, the entrance fee in their case 
being 151., and the annual subscription 101. A council 
has been formed, with Mr. H. White Smith, of 
the British and Colonial Aeroplane Co., Limited, as 
chairman, and with eight other representatives of 
leading aeroplane construction firms. One inter- 
esting feature of the constitution is that the 
mem of any branch of the industry (bei 
members of the Society) may apply to the Counci 
to form special trade sections for the investigation 
of scientific or manufacturing problems, and each 
sectional committee, with the full imprimatur of 
the Society, may carry out research or propagandist 
work, without, however, entailing any expenditure 
of the Society’s finances, The Council, however, 
reserve the power of control in every and, 
in any case, the appointment of the sectional com- 
mittees is subject to annual revision. Local sec- 
tions may also be created in provincial districts. 

ATMOSPHERIC Corrosion oF CopreR-StTee.. 

The addition of copper to steel having repeatedly 
been recommended for the purpose of increasing 
sate hg Si Desk, sateibengienl edghnunr'teaae 

e . M. Buck, metallurgical engineer to the 
American Sheet and Tin-Plate Company, of Pitts- 


burg, and J. O. Handy, director of the labora- 
tories of the Pittsburg Testing Laboratory. The 
copper percentage was kept within the limits 0.04 
and 2 ; the influence of other elements, phosphorus, 
silicon, aluminium, sulphur, and of mill scale, was 
also investigated, and it was further thought ad- 
visable to mix cold steel turnings with the metal 
of one of the ingots. Some ‘pure iron,” from 
another firm, was submitted to the same teste, 
which were carried out quite in a technical way, 
the operations of blooming, rolling, yom mage 
&c., being conducted according to regular . 
practice. On the other hand, the tests, particulars 
of which are published in the Journal of Industrial 
and Engineering Chemistry, March, 1916, were 
restricted to atmospheric corrosion. The bars 
were taken from all of the ingot, and the 
sheets, of American gauge 26 (0.0185 in. thick), were 
96 in. by 26 in., and annealed at 1400 deg. Fahr. 
_ usual temperature), or at 1600 deg. Fahr. 

rom the sheets strips 2 in. wide were cut length- 
wise and analysed. The carbon percentage was 
about 0.06 (limits 0.02 to 0.08), the manganese = 
centage was about 0.41 (0.60 maximum), sulp 
ran up to 0.14, phosphorus to 0.11, silicon to 
0.1 the analysed strips were corrugated and 
exposed as roof panels, either in full length or sub- 
divided into test-pieces of 2in. by 4in. The ex- 
— took place at McKeesport and at Scott- 

e, in Pennsylvania, in and after July, 1914 ; 
both these towns are mill districts, but ttdale 
is also a coke region, and the corrosion was de- 
cidedly worse there than at McKeesport. The 
specimens were examined every two months, or 
at intervals ranging from one to five months, the 
rust being removed by treating the specimen with 
ammoniacal solution of ammonium citrate, to as- 
certain the loss in weight ; this solution ig 
does not attack bright iron and steel, but eats a 
little into the metal of rusty iron. The loss of metal 
was found to be very much the same with the dif- 
ferent grades (24 es of steel were tested), and the 
results were on the whole very concordant, also as’ 
to the loss of weight sustained by the large and the 
small specimens. Two grades of the pure iron were 
tested ; they contained 0,013 per cent. of carbon, 
0.04 or 0.05 of manganese, 0.03 of sulphur, 0.031 of 
oxygen, and 0.027 or 0.045 per cent. of copper; phos- 
phorus, silicon, and aluminium were present in 
very small percentages ; the sheets were a little 
thicker than the steel sheets, the thickness bein 
0.022 in. The pure-iron specimens were tested 
only in the Pittsburg atmosphere, and comparison 
tests with the other steels were also conducted 
there. As the pure iron itself contained copper, 
and nearly as much, moreover, as the other tests 
seemed to prove effective, the results are not really 
distinctive. It would appear that the presence of 
copper made the steel decidedly more able to resist 
atmospheric corrosion. In ordinary steel this 
influence showed already at 0.03 per cent. of 
copper, and the effect was almost at a maximum 
when the cop percentage was 0.05 ; for com- 
mercial steels 0.25 per cent. of copper would prob- 
ably be best, though other tests indicated that 
nothing was gained by going above 0.15 per cent. 
Such 0.25 per cent. copper-steel (open-hearth or 
Bessemer) outlasted the pure iron Cwith 0.04 per 
cent. of copper), whilst ordi: steel with 0.05 
per cent. of copper seemed he equal to pure 
iron as regards atmospheric corrosion. The pro- 
gress of rusting under the first rust-coat formed 
was more rapid in ordinary steel than in the copper- 
steel, and less rapid in the latter than in the pure 
iron. As regards the other elements, a also 
lowered the corrosion rate. Silicon had hardly any 
effect when present in very small proportion, but 
favoured rusting when its percentage amounted to 
0.1 or 0.3 cent. Aluminium seemed to be 
harmful ; sulphur decidedly accelerated rusting. 
The addition of cold steel to the molten metal did 
not have much influence, but that influence was not 
favourable. 





wnat : pen are informed po yet Mr. T. 8. onion, 
-IS.L., consulting engineer marine surveyor, 
14, St. Mary Axe, E.C., has been elected a director of 
D and Gray, Limited, consulting engineers and 
naval architects, of 89, Aldgate, London, E.—Mr. T. G. 


Howes Thomas, consul i and i i 
coach, of 47, Viseoria-etreot, Westminster, fas been 
pegnittes ition under the Mii Munitions 
ar. Letters addressed to 47, Victoria-street, West- 
i will still receive attention, but Mr. Howes 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


An ordi meral meeting of the above In- 
stitution was held on Friday last, the 14th inst., 
at the Institution of Civil Engineers, Great George- 
street, Westminster, the President, Professor W. 
C. Unwin, F.R.S., occupying the Chair. 


Tue tate Mr. E. D. Leavirr. 


The formal business of the meeting having first 
been the President said that members 
would remember that quite recently the honorary 
life membership of the Institution had been offered 
to Mr, Erasmus Darwin Leavitt, the eminent 
steam engineer of Cambridge, Massachusetts. The 
speaker much tted to say that since then Mr. 

vitt had died, and the Council had felt it de- 
sirable to send to his daughter a letter of con- 
dolence, in essentially, the following terms :—* At 
a meeting of the Council it was unanimously re- 
solved that an assurance be conveyed to you of our 
deep sympathy with you and with your sisters in 


ur! the loss of your father, who had been a member of 


this Institution since 1883, and whose nomination 
as an honorary life member had only recently been 
made. We desire to express our appreciation of 
his services to engineering, particularly in relation 
to the branch of steam engineering in which he 
accomplished so much and was so great an 
authority.” 


FictrRatTion OF WatTER. 


The paper down for reading and discussion was 
enti’ ‘*Theory and Practice in the Filtration of 
Water,” by Mr. Walter Clemence, Member, of 
Shortlands, Kent. We commence the reproduc- 
tion of this paper on page 391 of this issue. 

Mr. J. Liddell Simpson opened the discussion. 
He commenced by exhibiting to members a draw- 
ing of the original filter that was made by his 

randfather, in conjunction with his great-grand- 
ather, as far back as 1830. Some years ago he 
had been fortunate enough to find this drawing, 
and had kept it. It was signed by James Simp- 
son, then engineer to the Chelsea Water Works. 
The sand filtration originated with the bleaching 
firms in Manchester (where space was very valuable), 
who had to devise some method of filtering the water 
which they used in that district. The original intake 
for the filter, shown in the drawing, was where the 
Grosvenor-road Station of the London, Brighton 
and South Coast Railway now stood. Before the 
Act of Parliament which obliged the water com- 
pe to move out of London to Hampton, a very 
ong intake had been installed, which went right 
out inte the river, and the water was only allowed 
into the settling-ponds at certain periods of the 
tide. Certain old drawings showed the Newcomen 
engines in use there, and at that period the water 
was pumped into the Chelsea district through 
wooden pipes. 

On the subject of mechanical filtration the speaker 
would say that some twenty years ago he used an 
American filter, the advantage of which was that 
where a water works existed pumping could be done 
through the filter, obviating the need for a double 
set of pumps, one to deliver the water on to the 
filter-beds, and another to take up the suction pres- 
sure and deliver it into the town. It was an in- 
teresting experience at the time, because he had been 
brought up to follow only on the lines laid down by 
the water companies of London, where sand filtration 
had been started, and where it had been developed, 
but had been since very little altered. Some years 
ago the question of additional storage at the York 
company’s works had to be considered by Mr. 
W. H. Humphreys, and they found that, unless 
they could devise some means of helping their 
existing filter- beds, a tremendous expenditure 
would be involved in the building of new settlin 
reservoirs and new filter-beds. After carefu 
investigation, Mr. —— had decided to 
adopt the Jewell filter. e original water works 
at York were laid out by Smeaton, but later on 
were desi by the speaker’s grandfather, and 
sufficient depth had been left between the settling 
reservoirs and the filter-beds to allow the Jewell 
filters to be installed. The result was that the filter- 
beds themselves ran for a very much longer period 
—they did not require so much cleaning—and the 
mechanical filters did most of the work. Before 
delivering the water into the town, however, they 

it through the sand filters, so as to be quite 
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fered with. When in the States, the speaker had 
seen a great number of water works where me- 
chanical filters had been adopted in preference to 
sand filters, on account of cheaper first installation 
and greater convenience in running. In the 
speaker’s view, the question was largely one of 
whether there was the space in which to put down 
the slow sand filters on the lines so well known, or 
whether, in the case of water works that must have 
the increased quantity of water required for town 
service, it was necessary to utilise the s that 
was available. When the French went. in for 
filter-beds and supplying the outer part of Paris 
(taking Paris for an example) with water drawn 
from the Seine, the question of the filters existing 
all over the world had been investigated, and, 
as he understood, the conclusion had been arrived 
at that if a lot of the preliminary work were done 
by pre-filters, the filtering could be carried out at 
A double the rate for the sand filtering practice 
ordinarily followed in this country. A’ modified 
form of filter was therefore adopted, and it was 
easy to see that, with double the rate of filtration 
through the ordi sand filters, a very much 
larger quantity could be d through the same 
space. Going back into the history of filtration it 
was interesting to know that the value of the film 
on the beds as a filtering medium was well under- 
stood, but until Dr. Koch investigated the bacteria 
and went into the theory the matter was: taken for 
granted and not much looked into. What was really 
the theory of filtering was laid down by theGermans, 
who were very precise in running their filter-beds 
and investigating anything to do with water supply. 
Now, however, the French were going into the matter 
from their point of view, and establishing as an 
outcome that by using pre-filtersa very much more 
economical plant could be installed in the first 
place, with just as good results as with the old 
sand filters. The speaker was much interested in 
the paper, and thought it should be interesting to 
all engineers to note that a good many. mechanical 
pumps and plants had to be used in connection 
with the modified filters. 

Mr. Percy Griffith was the next speaker. He 
did not think he could add much information from 
his personal experience, but he felt that it would be 
of interest if the subject could be dealt with on 
somewhat general lines, in order that lessons might 
be learnt from general application. He had had 
some little experience of the mechanical filtering 
to which Mr. Clemence had referred in. rather 
uncomplimentary terms ; and while he would sup- 
port Mr. Clemence’s criticisms, he was not pre- 
pared for a general condemnation of that type of 
filter. In his own case he had had to deal with 
underground water from a boring highly charged 
with fine sand and something like silt ; the sand 
was in contact with the bed of clay, and the attrition 
caused by the water effected a mixture which ren- 
dered the sand unpleasant to look at and difficult to 
extract. His impression of the effect of mechanical 


filtration was originally derived from the glowing | i 


accounts published by manufacturers, but he found 
that the efficiency of these filters was much less 
than those suggested ; however, his clients were 
better off for having them. The filters afforded a 
very useful indication of the accumulation of sand 
in the water, and were thus a kind of safety-valve, 
to prevent the water from being pumped into the 
reservoir in that condition. As the author had 
— out, its a was practically nil until the 
lm was formed ; the film immediately caused back 
pressure, and the rise of pressure indicated the limit 
of capacity of the filter. The author had stated that 
the mechanical filter was inefficient, yet -equally 
costly to instal and to operate as an ordinary sand 
filter. Notwithstanding the speaker’s experience, 
he could not condemn the system so drastically ; the 
paper, moreover, contained no conclusive evidence 
confirmatory of such drastic criticism. The film, 
as Mr. Clemence had mentioned, was the centre of 
interest. But the author had contended that, 
except at very slow speeds of filtration, the effect 
of the film was purely mechanical, and had no 
bacteriological influence on the water; on this 
point the speaker would expect some contra- 
riety of opinion, and was not convinced that 
the contention had been proved. He had him- 
self tried coagulants, an 
objectionable for several reasons, such as their 
appreciable cost, the loss of head involved, with 
more or less portional loss of efficiency up to 
the maximum loss of head ; also the practical diffi- 
culty of constantly maintaining a proper proportion 





had found their use| bee 





of coagulant, an excess being as objectionable as an 
insufficiency ; further, the sentimental objection to 
the dosing of the public water supply with 
chemicals. The speaker was convinced that the 
public would be favourably influenced if the author 
could, in every instance, attach to the results of 
the system he advocated the words ‘‘ no chemicals 
used.” Mr. Griffiths had seen the installation in 
Paris, and had been im with its general 
efficiency and the scientific method of design. He 
did not consider that the four instances given by 
the author enabled the efticiency of the results to be 
judged, = these — were not very a 

the Magdeburg case, the oO 
vilheation of bacteria was given, a the net 
of calculation: was known ; but a defect inherent 


in the calculations was this, that while any bacteria | actual 


were left there was no means of proving, except by 
special analysis and examination of the culture, 
whether any of the remaining bacteria were or 
were not dangerous. Even the small percentage 
mentioned by the author as the average reduction 
of bacteria—to 0.013 per cent.—coupled with the 

18 in the second column, left a ibility 
of danger. In that instance, the albuminoid- 
ammonia and free-ammonia tests had also been 
referred to, and the results were more complete 
than in any of the other three cases ; yet it would be 
admitted that these results afforded no convincing 
proof of the absolute and complete efficiency of the 
system of filtration in question. In the case of the 
Derwent Valley installation the speaker would 
have liked more information as to the reasons 
which led to the adoption of this system for a 
special purpose. It was noticeable that the treat- 
ment was not the ordinary purification treatment, 
but treatment to remove acidity and also colour. 
The speaker believed that the application of the 
system to these purposes had never before been 
made.. With regard to the Accra plant, the only 
notable test was the albuminoid-ammonia test, 
which was, of course, very useful. In such a 
climate the reduction of disease was the most 
— test that could be — to water supply. 

e speaker considered that the tables given in the 
paper in connection with the Cawnpore settling- 
tanks were not quite clear ; it was not easy to 
a that in every case the figures represented 
total solids, and for the benefit of the casual 
reader this should be indicated more plainly. 
He also thought that the ‘total solids” test 
was a very partial one in relation to the ulti- 
mate purification of water. The author had him- 
self s d a standard speed for filters in 
lineal feet per twenty-four oon or per hour, 
and the speaker thought this should be adopted in 
all cases ; and where, in the paper, the old notation 
in gallons was given, it would Socenmesient if the 
equivalents in lineal feet per hour could be added ; 
this course would simplify comparison. Mr. 
Clemence had referred to the thriving of organisms 
in high temperatures, and had given examples of 
tions in hot countries, such as those at 
Cawnpore and Accra. The speaker would inquire 
whether the high temperatures prevailing there 
had any effect upon the results of filtration and the 
operation of the filtering system generally. Finally, 
he would suggest that it would be interesting 
if comparisons between multiple filtration and 
slow sand filtering could be expressed more com- 
mercially ; that was to say, the results of some 
stan form of analysis—if such could be accepted 
—presented, and then the capital cost and working 
expenses. Such a practice would furnish a usef 
guide to the value of any particular plant, and 
facilitate comparison, on more definite and com- 
mercial lines, of competitive systems, such, say, as 
multiple filtration versus the mechanical filter. 

Mr. H. T. Rutter criticised the title of the paper 
as too wide to do justice to the subject it covered. 
He thought a more ap iate title would be ‘*The 
Puech-Chabal Multiple Filtration System.” He 
had no wish to say anything against a system 
admirably ted to the Dow, to which it was 
applied, but desired to offer criticism of some of 
the statements in the paper. In the interests of 
clearness he would draw attention to an observa- 
tion made, quite early in the paper, to the effect 
that the removal of the impervious layer had long 
m recognised as one of the greatest drawbacks to 
slow sand filtration, yet the theory became estab- 
lished that the efficiency of the filter as an agent for 
the purification of water de ed almost entirely 
on the layer of slimy mud which had been observed 
to form on the surface of the filter after it had 





been brought into use. The speaker would sub- 
stitute for ‘‘the theory became established ” the 
words ‘‘the dogma became established, and was for a 
time generally accepted.” It was quite true that a 
very large percentage of the bacterial contents of 
water filtered through a sand filter were removed at. 
or near the surface, but it was not true that the 
bacteriological effect of the filter ceased at that 
point. e author himself a little later in the 
paper remarked : ‘‘ Careful experiments by Reinsch 
and others have shown that in ordi sand filters, 
having a depth of about 3 ft. of sand, the number 
of bacteria found in samples of water drawn at 
various depths in the sand-bed is gradually reduced 
from top to bottom.” That, the speaker stated, 
was known before the beginning of this century by 
inspection of samples of the filtrate at 
various depths below the surface. The colloidal 
envelope which, after proper ripeni of the 
filter, surrounded each grain of -mery practi- 
cally the whole depth of the bed had, in the 
slow sand filter, an immensely important func- 
tion, although it had to be admitted that a 
considerable proportion of the bacteria was re- 
moved at or near the surface. After all, the 
Puech-Chabal system did, in the central stages, 
what was done by the slow sand filter in two stages. 
It was in bp — we that prolonged 
storage and subsidence should precede the passin 
of the water on a slow sand filter. The first of the 
two functions, the removal of a considerable pro- 
portion of the solid contents of the water, was ful- 
filled, in the Puech-Chabal system, by degrossisseurs 
—the speaker would prefer an English equivalent 
for this word—but he would not like to affirm, 
without more evidence, that their action was as 
safe and trustworthy as that of light, air, and other 

ncies operating in the case of prolonged storage 
of water. The author was, he considered, inclined 
to lay undue stress on the more favourable cost of 
working claimed for the Puech-Chabal system. 
There was, of course, much to be said for the claim, 
but the paper did not furnish the necessary data 
upon which to base it ; there were only statements 
to g° upon, except in the case of the Cawnpore in- 
stallation, and in that instance the results were com- 
plicated by the circumstance that the climate was 
tropical, and therefore it was im icable to deduce 
figures which would be helpful when dealing with 
installations in more temperate climates. Mr. 
Clemence had submitted a contrast between the cost 
of cleaning the old sand filters, through which the 
water was previously filtered, and the cost of 
cleaning the pre-filters in the case of the new plant. 
But the cost of cleaning the old sand filters would 
be regarded as ridiculous in a temperate climate ; 
the fact that the filters were blocked up after 
4,000,000 gallons had passed through an acre of 
filtor rendered any comparison with the records in 
more temperate climates absurd. The blocking of 
the Cawnpore filters was no doubt due to the 
enormously active growth of alge asa result of sun- 
light and high temperature. If, however, the cost 
of cleaning the pre-filters at Cawnpore be taken, the 
figure arrived at would not be far removed from 4 
reasonable figure for the cost of cleaning slow sand 
filters in temperate climates. The speaker admitted 
that the adoption of the Puech-Chabal system in the 
cases submitted by the author was justified ; the 
system had, in all the cases, admirably adapted 
itself to the results desired, regard being had 
especially to a climate where the water was im- 
pregnated with the results of vegetable decay, 
absolutely needing oxygenation and re-oxygenation 
to effect decent filtering. With many of the re- 
marks made by the author on mechanical filtration 
the speaker was in thorough agreement. Towards 
the close of the paper Mr. Clemence had referred to 
methods of water purification which the speaker 
regarded as ‘* heroic’”—namely, the use of ultra- 
violet rays, ozone, &c., and further alluded 
to the misleading character of the results, as mea- 
sured in microbes per cubic centimetre of sterilised 
water immediately after the apparatus had been 
in action. The speaker agreed with the author's 
views, and felt that resulte of that kind would be 
more interesting if tests were made some hours 
after the treatment, at a distance of perhaps a few 
miles from the point at which the water first entered 
the main, or after some few hours’ storage in 
covered reservoirs. 

Mr. Bertram Blount was the next speaker. He 
was glad to speak on the paper, as he had had 
something to do with the water at Accra, as well 
as other tropical waters. He had read the paper 
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with attention and had derived much instruction 
from it. He would confine his remarks to the 
question of tropical waters, of which Accra was a 
type; such waters were familiar to most people, 
but not to everybody. They were contaminated 
with the products of decayed tropical vegetation, 
the removal of which was an extraordinarily difficult 
matter. As Mr. Clemence knew, the installation 
at Accra had been put down on the advice of the 
late Mr. Walter Hunter, and the description given 
in the — °° represented, he believed, the actual 
system. e method was that of multiple filtra- 
tion with dé isseurs, or ‘‘ roughing filters,” as 
he would call them, through which the water 
passed with more or less satisfactory results. When 
the speaker was advising about the Accra water 
supply, he teok the course that he had taken when 
advising as to the water supply at Mauritius, 
Nairobi (Uganda), Segundo, and other places. In 
all those cases he had found that the methods of 
filtration, however elaborate, well-designed, and 
systematic, were futile, and he sincerely hoped 
that the present attempt at Accra—in which he 
had collaborated with Dr. Simpson and the late 
Mr. Hunter—would have a better result, although 
he confessed that he did not believe it would, and 
that what had occurred at other places would 
occur again. The reason was this: The vegetable 
matter which came from the rapidly-growing and 
rapidly-decaying tropical material in water supplies 
like those of the Densu and similar rivers was not 
amenable to pure filtration, but, from many experi- 
ments, he had found it amenable to chemical treat- 
ment. There existed a prejudice against chemical 
treatment, which was looked upon as almost immoral. 
The author had made an eloquent case against the 
use of precipitants, and in this the speaker agreed ; 
they were only coagulants, and if the material to 
be removed could be removed by other means it 
was far better. When, however, a material could 
not be oxidised by ordinary processes, but could be 
oxidised by a simple chemical, that method might 
be used. In the particular instances which he had 
cited he had found it the simplest course to use 
a catalyst in the form of iron, ferric oxide, or 
ferric hydroxide. Air was blown in as in the ordi- 
— Anderson process, as modified and put into 
modern practice. That course was not only effec- 
tive, but was the only effective method the speaker 
had ever found for waters of that character. When 
returns were made of the results of treatment at 
Accra and at other places, they might stultify the 
speaker. He much wished that would be so, but 
feared they would not. He would, in conclusion, 
emphasise the fact that there was a broad distinco- 
tion between the tropical waters of which he had 
been wey and the ordinary dirty river water, 
like that of the Seine (at Choisy-le- i, and the 
dirty water of the Thames, which could be, and 
were, treated satisfactorily by methods of filtration 
carefully worked out in the way Mr. Clemence 
had described, or the sedimentation , 80 
successfully employed, with filtration afterwards. 
Mr. Leslie C, Walker was specially interested in 
the Peper, as he came from the town where, as he 
claimed, pre- filtration, or multiple filtration, 
originated. His father, the late » Aon. F, 
Walker, had been the patentee of that system, and 
had rege and constructed multiple filters in the 
ear 1890, the system being patented in 1893, and 
ving been in successful operation ever since. His 
father had also been the patentee of a special 
drainage block for the bottom of his multiple filter, 
recognising the advantage of securing a uniform 
flow over the whole area of the filtering medium. 
The resulting multiple filters consisted of a series 
of gravel beds arranged in tandem, through which 
the river water passed antecedent to sand-beds of 
the orthodox type. Each set of filters consisted of 
five water-regulatirg and cleansing chambers alter- 
nating with five chambers containing the varyi 
grades of gravel or other clarifying media. The dep’ 
of the latter was, in each chamber, 3 ft., and the 
sizes of the chambers were commensurate with the 
work required of them. The water antecedent to 
the sand filtration had therefore to pass, in down- 
ward flow, through a total depth of 15 ft. of clari- 
fying media, and was then conducted, by distribut- 
ing channels, on to the sand-beds. The preliminary 
purification thus effected removed 97 per cent. of 
the bacteria originally present in the river water, 
and the speaker believed that was a result which 
would compare favourably with that obtained by 
the settlement of the river water in costly sto’ 
reservoirs, while, under such conditions, it followed 
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that the resultant work thrown upon the sand-beds 
was considerably reduced. The speaker according] 
with Mr. Clemence that there was much to 
be said for the multiple system of pre-filtration. 
With regard to mechanical filtration, the er 
believed that this combination had proved highly 
satisfactory when worked in conjunction with the 
multiple filtration to which he had referred (or any 
other system of multiple filtration of a similar kind), 
and the injection into the clarified water of a 
minute quantity of free chloride, all traces of which 
could ccnaeeitie be removed by the interposition 
of a layer of carbon within the filter. Some 
remarks had been made in the course of the dis- 
cussion about ‘‘ doctoring,” at the thought of which 
some people were generally horrified ; it seemed to 
him, however, that the fact that nearly every liquid 
or food consumed was ‘‘ doctored” had been over- 
looked by such persons. In respect to cost, the 
capital cost of sand filters, in conjunction with 
mechanical filters, was much more than in the case 
of mechanical filters in conjunction with multiple 
filtration. The speaker’s experience showed sand 
filters to cost about 6000]. per million gallons and 
mechanical filters about 30001. per million gallons 
on day, while the cost of the pre-filters, or multiple 
ters, was about 2000/. per million gallons per 
day. He had found the working cost of sand 
filters with preliminary filtration to be about 15s. 
per million gallons, while with mechanical or 
pressure filters the cost was about one-fifth, 
or 3s. million gallons. The combination to 
which Ge satened ad been in use for a very 
long time, dealing with river water, and, in the 
speaker’s experience, had been all that could 
be desired. e water was frequently examined 
by bacteriologists like Dr. John C h, who 
had described the filters as producing a filtered 
water of the highest degree of purity, containing 
less than 10 bacteria per cub. cm., and no B. coli 
even in 100 cub. cm. of the final filtrate. The 
speaker could not avoid a that 

e figures in relation to mechanical filtration 
quoted by the author must be the exception, 
rather than the rule. He would like to ask the 
author if he could reply to a question as to whether 
the Nottingham water supply (which he believed 
was obtained from the Sieve Valley Water 
Board) was through a system of mechanical 
filters recently put down, and whether mechanical 
filters were not also being put down at Leicester, 
another town which he understood was supplied 
by the Derwent Valley Board, 

The President then called upon Mr. Clemence to 
reply, suggesting that he might amplify his re- 
mar in the Journal later, as the time for closing 
the meeting had almost arrived. Mr. Clemence 
spoke for four or five minutes, and has since 
supplied us with the following extended report of 
his reply :—Some speakers had suggested that the 
paper advocated the use of a certain type of filter, 
and referred to mechanical filters generally in 
uncomplimentary terms. He wished to point out 
that, as far as ible, the use of proper names 
had been avoided with to the system of 
multiple filtration. Mr. Walker had every right 
to claim for his late father the credit of having 
been the pioneer in the use of the system in this 
country, although his application of it did not 
extend beyond the Reading Water Works. Rough- 
ing filters have been in use in connection with 
several large water undertakings in land for 
many years, and the author gained his expe- 
rience with multiple filters during an association 
extending over several years with the Antwerp 
Water Works Company. Careful experiments 
carried out at Antwerp by Dr. Kemna led to the con- 
struction, of which the author had charge, of a large 
installation designed for the purpose of clarifying 
the water while — the formation of a film on 
the surface of the filters. Dr. Kemna has 
always been a strong advocate of the use of slow 
sand filters with a surface film. 

Although Messrs. Puech and Chabal in their 
application of the system have always insi on 

e necessity for preventing the formation of a film 
on the surface of slow sand filters, the author did 
not wish to suggest that they would be pre to 
follow him in the theory of the action of a slow 
sand filter, which he had endeavoured to explain in 


a as 

r. Liddell Simpson in referring to the York 
Water Works had stated that the mechanical filters 
which were there used as roughing filters, did 
most of the work, and that the open sand filters 





y | but he did not 





had been retained merely for the sake of tradition, 
uce any figures as to chemical 
and bacteriological results in support of his state- 
ment. The author had visited the works at York 
on more than one occasion and was quite familiar 
with the filtering installation and with the results 
obtained. The mechanical filters do not deal with 
the raw water of the River Ouse, but this is first 
passed through settling tanks, having ample capa- 
city to allow of sedimentation of the water for 
24 hours before it reaches the roughing filters. 
These undoubtedly complete the clarification of the 
water and effect a great reduction in the number 
of bacteria. But heavy growths of green alge occur 
in the final filters, from which it must be inferred 
that the rapid filters donot eliminate the spores of 
alge and that the water in the final filters is still 
heavily charged with organic matter in solution, 
as green alge do not yxy A the absence of 
organic matter. The final filters at York are 
unusually deep (10 ft.), and have a depth of filtering 
materials alone of no less than 6 ft. 6in. As the 
speed adopted is less than 2 in. per hour, the 
water undergoes a treatment in the final filters of 
no less than 60 hours, which ought to, and no 
doubt does, bring about a high degree of purifica- 
tion in the final effluent. But, in view of Mr. 
Simpson’s claim that the greater part of the woik 
is done by the mechanical filters, it would be 
interesting if he would supply chemical and bac- 
—— analyses of the raw water of the Ouse 
at York, and of the same water after successive 
treatment by sedimentation, rapid filtration, and 
slow sand filtration. With regard to Mr. Simpson's 
suggestion that the ordinary speed of slow sand 
filters could be doubled if the water were first 
clarified, the author eaid that, so far as his 
experience is concerned, a speed of 6 in. fall per 
hour appears to be the extreme limit with such 
filters, even when these form part of an elaborate 
system of multiple filtration. Beyond this speed 
satisfactory results cannot be relied upon. 

Mr. Percy Griffith had referred to the ‘‘ back 
pressure” or ‘‘loss of head” due to the use of 
coagulants in mechanical filtration. This was the 
result of creating an artificial film on the filter. 
The natural film referred to by the author as form- 
ing on the grains of sand in slow filters had little 
effect on the ‘‘ loss of head” in the filters even after 
these had been worked continuously for several 
months. Mr. Griffith had asked for further infor- 
mation as to the working of the four installations 
referred to in the paper, and as to the authority for 
the statement as to the results obtained given in 
the paper. The author pointed out that reference 
is made, in the text and in footnotes, to several 
articles and reports in which details of construction 
&c.,are given. The information as to the working 
of the eburg filters was supplied to the author 
by Herr Dieckmann, and water engineer of 
Seaham, The whole of the information as to 
the cost of construction and working of the filters 
at Bamford, and as to the results obtained, was 

iven as received from responsible officials of the 
ent Valley Water Board. 

The tables in Appendix II., relating to the work- 
ing of the Accra filters, had been compiled from the 
reports of Mr. E. D. Course, Inspector Chemist to 
the Government of the Gold Coast Colony. The 
information relating to Cawnpore has been obtained 
from the official reports quoted or from the annual 
reports of the eng reer to the Govern- 
ment of the United vinces of Agra and Oudh. 
The tables and the two diagrams relating to the 
Cawnpore filters were compiled from the carefully 
kept daily log-sheets of the water-works super- 
intendent, copies of which were supplied to the 
author by Government. ‘ 

Mr. Griffith had asked for further information as 
to the tables of “‘ total solids” in Ganges water, 
and as to why no information was given as to the 
chemical results obtained. The author admitted that 
it would perhaps be better to refer to the results as 
** silt-by-weight” tests. The Ganges water was 
remarkably pure organically and bacteriologically, 
although usually turbid from the amount of fine 
silt carried down by the stream. The information 
asked for by Mr. Griffith would be fourd in the 
official reports referred to, which could be consulted 
at the India Office, London. Excellent chemical 
and bacteriological results were obtained from the 
slow sand filters at Cawnpore before the pre- 
filtration — was constructed, and it was not 
supposed that the average results could be improved 
upon. The great difficulty experierced was the 
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ae blocking of the filters by silt, and this 
di gg been entirely overcome. 

Mr. H. F. Rutter had suggested that certain 
statements of the paper were contradictory, and 
said that the experiments of Reinsch and others 
were carried out in the last century, and that it 
was then known that the majority of the bacteria 
were retained on the sand grains at or near the 
surface of the filter. A certain number of bacteria 
were always found in filtered water, and the expe- 
riments referred to showed that only a small pro- 
portion of the bacteria which passed through the 
‘* filtering film” were to be found in the effluent. 
It was known that the vast majority of the bacteria 
in the raw water were retained in the organic film 
on the surface of the sand, and were removed with 
the film when the filter was scraped, leaving the 
filter inefficient. Puech’s experiments showed that 
if the formation of the surface film were prevented, 
and the whole of the bacteria allowed to gain 
access to the bed, the number of organisms to be 
found in the effluent was actually less than the 
number to be found in water from filters on which 
a film had been allowed to form. This fact was 
certainly not generally known or admitted during 
the last century. 

Mr. Bertram Blount had expressed the opinion 
that it would be necessary to treat the water at 
Accra with iron in some form before satisfactory 
results would be obtained with the multiple 
filters. The author wished to say that the ques- 
tion had received the most careful consideration of 
the late Mr. Walter Hunter who had great faith 
in the system of multiple filtration, but he 
had always been prepared to add the Anderson 
system of iron treatment if it should be found that 
the organic matters in the water at Accra could 
not be sufficiently reduced by filtration and aera- 
tion. Mr. Hunter was constantly consulted by 
the author on ail the main features of the Accra 
installation when this was designed, and the ex- 
perience in the use of iron and the application of 
multiple filtration on the same water at Antwerp, 
and the history of the application of the iron treat- 
ment there during a period of thirty years no 
doubt influenced the decision to try filtration 
alone in the first instance at Accra. It should be 
remembered that at Antwerp and elsewhere the 
Anderson system was always followed by aeration 
and filtration. The system was not successful with 
a soft water, and was abandoned at Antwerp owing 
to the fact that the hardness of the water was 
extremely variable (from 11.5 deg. to a consider- 
ably higher figure), and the results of the iron 
treatment could not be relied on. Recent analyses 
of the raw water at Accra showed that the hardness 
varied from 4 deg. to 8.5 deg. The iron process 
had also been abandoned at Agra, India, and was 
being superseded at Choisy-le-Roi, Paris, by pre- 
filters. 

The author wished to remind Mr. Blount that 
under unfavourable circumstances the filters at 
Accra had reduced the albumenoid ammonia con- 
tent by nearly 80 per cent., as shown by the tables 
in Appendix II., and although the lowest figure was 
0.012 parts per 100,000 against 0.008, the standard 
of purity set by Mr. Blount, he had sufficient con- 
fidence in the installation to hope that the degree 
of purification represented by the latter figure 
might be obtained. He had requested the Govern- 
ment to arrange, if possible, to run the installation 
at its full speed for one month, in order that 
its capabilities in the reduction of organic matters 
might be satisfactorily ascertained, and he hoped 
that the fears of Mr. Blount that it might be 
necessary to supplement filtration at Accra by the 
use of chemicals might turn out to be unjustified. 

In reply to a question by Mr. Walker, the author 
said that he had no information as to the adoption 
of mechanical filters at Nottingham and Leicester. 
These towns derived a t only of their supplies 
from the Derwent Valley, and this water was 
filtered at Bamford in the manner described in the 
paper. : 

The President, in closing the proceedings, an- 
nounced that there would be another ordinary 
general meeting, which would take place on Friday, 
May 19 next, when a paper entitled ‘‘ Spur 
Gearing,” by Mr. Daniel Adamson, would be read. 





PanaMA Mancangsk.—An American syndicate which 
recently opened a mine of manganese ore at Madi 
Panama, has made a trial shipment of 900 tons to t 
United States. It is intimated that 1500 tons per month 
could be shipped if tonnage is available. 





A NEW TYPE OF HUMPHREY PUMP. 
WE illustrate on this page a new type of Hum- 
age pump, intended for eral pumping purposes. 
n the original pump, it will be remembered, the cycle 
was miiotained y the momentum of a column 
of water, which oscillated to and fro in a horizontal 
lay-pipe. This system is eminently adapted for 
lame water-works and drainage pumps, but cannot 
always be conveniently installed. The pump we now 
illustrate is also a free piston pump, but the inertia 
for the maintenance of the cycle is provided 
by a block of cast iron in place of by a long column 
of water. There is thus t gain in com 88, 
which is further increased by ths fact that the pump 

works on the two-stroke cycle. 

The gas-cylinder of the pump is at B and the water- 
cylinder below at C. The method of operation is as 





























follows :—Conceive the gas cylinder with its piston at 
the bottom cf the stroke, and a charge compressed 
below it. Oa ignition this piston is driven upwards, 
carrying with it the cast-iron weight A, which is 
coupled, it will be seen, to a cross-head on the piston- 
rod. At a certain point of the up-stroke the cam D 
comes in contact with a roller carried at the end of a 
bell-crank, the opposite end of which o 
hsust-valve as the roller is carried up by the continued 
motion of the weight A and the parte connected 
therewith. The exhaust-valve being thus opened, the 
pressure inside the gas-cylinder falls to that of the 
atmosphere. The upward motion of the piston, how- 
ever, continues in virtue of the momentum already 
acquired, and a little later the piston overshoote 
@ series of ports communicating with an anoular 
chamber surrounding the upper end of the working 
cylinder. Into this chamber the upward motion 
of this piston had previously compressed a charge of 
air and gas. This charge is now able to escape thro 

the ports into the cylinder below the piston. e 
latter, continuing its motion, is finally arrested in part 


s the ex- o 


by the pressure due to air trapped between its u 
surface and the top of the cylinder, and in part by. the 
loss of momentum due to the raising of the weight A. 
It accordingly returns, compressing the new ch 
into the clearance s At the end of the in-stroke 
the — is fired, and a new cycle recommences. 
During the down-stroke of the piston a new charge 
is drawn in above its upper surface through the 
valve E. 

To prevent accident in case of the exhaust-valve 
leaking or breaking, an air-cushion is provided between 
the under surface of the weight A and the top of the 
cylinder-head. To start the pomp, the piston is raised, 
by the hand-lever shown, to the top of ite stroke. 
A charge is then admitted below it. The piston is 
then released, and descending under the impulse 
of the weight A, compresses the charge, which is 
fired in the usual way. During this descent a new 
charge is drawn in above the upper surface of the 
piston, and the next stroke is made as in normal 
| working. The pump we illustrate has a 3 in. barrel, 
| and can deliver 3000 gallons per hour against a head 
|of 33 ft. Working on petrol, it takes five-eighths of 
a pint per hour, and if run on gas the consumption 
is 20 oub. ft. per hour. Its total weight is 350 lb. 
Other sizes are made, the consumption of fuel being 





| relatively less the larger the pump, and heads up to 
1172 ft. can bedeslt with. = 





THAMES.” 
To Tae Eprror or ENGINEERING. 
Siz,—In your issue of the 7th inst. Mr. Dean frankly 


| “ELECTRICAL POWER PLANTS IN THE 
| 


|admits that he knows little or nothing about the fuel 


jtupply of London. Well, Sir, seeing that fuel is the 
principal item for the generation of electric current, I 
| think that you will agree that this is the point that ought 
| to be given the chief consideration as regards the question 
of situation of plant. 
To place power stations where Mr. Dean suggested, 
and have coal taken there by his » would practically 
double the transit charges of the material from the 
colliery. Again, I doubt if the Port of London Authority 
would grant permission for the site; it is just the 100 ft. 
of the deepest part of the river, but there is also the 
possibility of craft being moored at all times to the 
structure. 
I am no opponent of the centralisation of plant, as my 
previous letters will prove. It is the reduction of cost in 
| producing electrical current that will give us a lead in 


| the economical use of fuel by bringing in those manufac- 


turers who generate their own power in a small way, 
fay only getting a third of the ing value of the 
uel. Now, Sir, let us be a family, and welcome the 

s-producing firms ; we shall then be able to get every- 
t) 7a pause from the coal, and each will be more than 
8a > 

I have looked up Mr. Dean’s first letter, and note his 
remarks as regards conveying current by tunnels. These 
tunnels to both sides of the river at ‘‘several express 

wer stations” would be rather costly for the simple 

r ission of current and supply of fresh water, par- 
ticularly when consideration is given to the stratum they 
would rest on. 

The whole of this correspondence is directed with a 
view to the economical use of. coal; but as it is too large 
aaubject to f° into in an ordinary letter, I refer you to 
@ pamphlet I sent to _ written by myself to stokers 
and owners of steam plant. 

I remain, Sir, yours faithfully, 


oun H. ANDERSON. 
Pui fieet, Essex, April 10, 1916. 











LABOUR TROUBLES IN WAR MUNITION 
FACTORIES. 

To THe Epiror or ENGINEERING. 

| S1a,—In June last year you published a letter that I 
| addressed to you urging the necessity of vigorous Govern- 
| ment action in dealing with stewards and others, who, 
it was pointed out, were the cause of the unsatis- 
factory output and the trouble that was occurring. 

In view of what is now going on, the letter might be 
| published again as a new letter, for all the aaew there 
| Kes been to the lest ton snenthe. The general public, who 
| are not closely in touch with engineering and shipyard 
| work, might imagine that the recent occurrences on the 
|Clyde are something new. But the situation is not 
changed, and the Government have not yet been able to 
|make up their mind to treat these men who are causing 





the trouble in the way they deserve. 
In my former letter I weed that it would be 
ise and discipline labour in a military sense, 


I think those who are engaged in Government work will 
agree with me that it is more than ever necessary at the 
present time. The causes of the trouble, as I ex- 
plained, were all the result of local agitations caused by 
some few men in the different districts who acted inde- 
| pendently of the head executive of the trate unions. 
© men are still refusing to work with non-unionists, 
and are ) goties every obstacle in the way of employers 
taking advantage of the ts which have been 
made with their head executives as to the removal of the 
ordinary trade-union restrictions. These men, unfor- 
tunately, succeed in exercising their bad influence over 
the workers. 
A favourite excuse now, just as it was last year, for 
' objecting to & man who is not a member of their trade 
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union is that he is not a good worker and they object to 
work with him. Firms who undertake the work, with 
their managers in conjunction with the Government 
ov are responsible that the work is properly c 

out, and itis a monstrous position that these agitators 
should cause delays in work through making such trouble 
about non-unionists. ~ 

Foremen and managers were practically hel last 
June, just as they are at the present time. have 
been harassed with labour troubles for the last eighteen 
months, and in many. yards have ceased to be able to 
exercise their propes functions of directing the labour to 
the best possible advantage. Where they have shown 
sufficient force and strength of character in doing 80, 
strikes of various —— have taken place. As is 
well known, since the vernment action for deali 
with strikes was disclosed, complete cesssation of wor 
has not asa rule been resorted to, but there are all sorts 
of other ways of delaying work, such as refusing to work 
on particular jobs or refusing to work overtime, which is 
one of the most favourite devices. 

Now, the men who have made this trouble have all the 
time been well known to - managers of the different 
yards. They are usually ialists. It may be simply 
wrong-headedness on their part, but the country has been 
authoritatively informed that it is known that one of the 
enemy devices to subsidise agitators to cause 
labour trouble ; and if these men are not actually traitors 
to their country, at any rate they are acting as if they 
were. We havea Defence of the Realm Act. Why is it 
not used to protect the country from them? In any 
other of the countries that are at war, whether enemies 
or our Allies, these men would not be allowed another 
moment to do more barm. 

I su Sir, that the matter is one that a technical 

per of the standing of ENGINEERING might well give a 
ead about to the rest of the Press and the country, who 
necessarily cannot be so well informed on these matters. 

Yours faithfully, 
SHIPBUILDER. 





**ON THE WHIRLING SPEEDS OF LOADED 
SHAFTS.” 
To THe Eprror or ENGINEERING. 

Sir,—The very careful investigations of Mr. Kerr on 
the above subject, recently published in ENGINEERING, 
merit every attention, are quite correct in the experi- 
mental part and in the graphical determination of the 
critical speed. The calculations, however, which Mr. 
Kerr gives on 225 of your issue of h 10, in 
following the lines pointed out by Dr. Chree, prove by 
closer examination to be fallacious. As the subject is of 
the test practical importance, and the logical error 
of a delicate nature, I think turbine-designers will have 
some interest in the following statements. 

Let, in Fig. 1, O denote the position of the unstrained 
shaft, A the point of the intersection of the shaft with 
the disc after deflection, so that AO is proportional to 
the elastic force exerted on the disc. S means the centre 
of gravity, ¢ the ‘‘eccentricity” of the disc. For sim- 
plicity, we shall su that the plane of the disc remains 
always p to the —— axis, whose Pa is O. 
We consider the distur movement of the disc rela- 
tively to a space which rotates in the same sense as the 
dise with the mean angular velocity w of the disc. In 
this space the co-ordinates of S may be 2, y. According 
to the theorem of Coriolis, we must add to the real forces 
which act on an elementary mass dm the inertia forces 
corresponding to the eration of the point of the 
moving space which lies in that mass point, and the well- 
known Coriolis force = d m 2 w, where w is the relative 
velocity of the mass point. We sup that at the 
beginning the gravity W had the direction of the y axis; 
therefore, after ¢ seconds, its direction will form the 
angle wt with the vertical. If m is the total mass of 
the disc, the equation of the motion of the centre of 
gravity will then be 


ma = mar + 2mwy-a(x+p)— Wain we) 


(1) 


my = my w? - 2mwx-a(y+q)- W cos wt 


where the point (.) means d/dt, and a is the factor with 
which it is necessary to multiply the deflection in order 
to obtain the elastic force. 
We will consider the movement about the centre of 
vity as a rotation with the constanta velocity w. 
e full investigation of the motion witha finite mass- 
inertia moment of the disc is an-exceedingly complicated 
matter. If the effect of the weight were neglected, S 
would lie on the connecting line O A, in the position 
defined by :— 


_ 24% 


= 
: mwt—a 


(2) 


We consider the movement in the proximity of this | 


point, so that p = py , g = qo in putting 
e=atisy=min. . . (3) 

By introducing this in equation (1) and using th 

ordinary critical speed w, defined by a oilieens 


‘ a 
wo? = = 
m 


(4) 
we get :— 


ne (uw? — we) E- Su = - geinwe| (5) 


”- (w? — we®) » + Qwi= —gecoswt 
The simplest method of integrating these equations is to 








replace sin wt by — ic’®* where i= ./- 1, and cos w 
by «'“*, and retaining in the solution only the real 
terms. The solution may then be written in the form :— 
§=C, — +u\. 
7= =e 
where u, v are new functions of x, y. 
general equations :— 
u—(w?- we?) u-2wv = 0) 
v—(w-o2)v + 2wu=0 
and to the determinate equations :— 
(2 w? — wx 2)? C, + 2w? O, = -gi) 
—2w? iO, + (2w2-wx2) CQh=g J 
The determinant D of these equations is :— 
D = (2 w?— wx 2)? -—4 4 = — wy 2 (4 w? — wy 2) (9) 
and the solutions of C, C, will have, of course, the form 
C= PC, = 42 (10) 


So it seems that we must, indeed, expect infinite values 
of — and 7—+4.¢., a “‘critical” velocity, when D vanishes, 
which leads to :— 


4 we? — wy 2 = 0, oF We = § wx 


- (6) 


This leads to the 


(7) 


(3) 


(11) 


This value of the “‘ new ” critical speed differs mate- 
rially from that of Mr. Kerr, because he considers a motion 
in which 8 and A lie always on a radius through O, 
which is not admissible, as the centre of Fp J has 
certainly 2 deg. of freedom. The effect of the contrary 
assumption of Mr. Kerr shows itself, as he has recog- 
nised* on page 246, in the steady growth of the deflection 
above the normal critical speed. 

Unfortunately the value w, has no mechanical signifi- 
cance at all, as can be proved, firstly by finishing in a 


i ce 











mere uarithmetical manner the determination of the 
aeee A, Ao By solving the equations (8) we arrive 
at :— 

A, (12) 


which demonstrates that when D vanishes, A, and A, 
vanish also, and the limit values of C, C, are :— 


(4 w? — we®) gt; Ag = (4w?— wr) g 


O= 28; Q=2- 2% (13) 
Wk Wk" 
There is no possibility for C, C, to become infinite. 
The simplest demonstration of the true motion consists 


in choosing the unit of the elastic force w, so that this force 
will be represented by AO, and in decomposing AO in the 
com: ts AO, and AA,, so that the latter is always 
parallel and equal (but opposite) to W. Then the effect 
of the weight on the movement of the centre of gravity is 
annulled, as there remains only a couple, which causes 
very little oscillation about the centre of gravity, as the 
mass moment of the disc is always very great. 

_If we consider the natural movement with OO, as the 
direction of the vertical, the point O, remains fixed, as 
O O, must be equal to A A, = W, and the undisturbed 
movement of S will be a constant rotation, with O. 
centre. The same is obtained analytically, for the abso- 
lute co-ordinates x, y, in using the equations employed 
by Féppl, which are, if 8 A = ¢, 

mx == a(x + ¢cos wt), 

my = -—a(y+esin wt) — W. 
By putting W = ah and y + h =z, the second equation 
assumes the form :— 

m2 = —a(z + esin w?). 
Hence the mo » would Le the same as if gravity did 
not exist, but for the new abscissa axis, which lies at the 
distance h a ea And there is no critical 
speed, except imary one. 

It ie very regrettable that the elaborate analysis of 
Mr. Kerr, which I duly appreciate, has not quovell be 





* Which was also demonstrated by Mr. Blaess in 1914. | 


the solution of thisintricate problem. Indeed, I have had 
serious communications from builders of steam-turbines 
and turbo-blowers who have observed that there occur 
trepidations and noise at revolutions which are out of 
the range of the normal critical speeds. And a curious 
coincidetice: one observed those —- when 
w = & wx (see fallacious equation (11)); another when 
w = w,/V2. Of course, I do not know the special cir- 
cumstances in which these observations were made; at 
all events, there is still a wide field for further research. 
: Tam, Sir, yours Tp 
Zurich, Ecole Polytechnique Fédérale. . STODOLA. 
March 21, 1916. 





ENGINEERING EFFICIENCY. 
To THe Epiror oF ENGENEEBING. 

Sir,—The letter from Mr. Chas. M. Darling on page 
321 of the issue of ENGINEERING, April 7, recommending 
attention to greater engineering etficiency by the use of 
furnace-linings touches on a most interesting topic. 

From experience gained in Australia I can say that 
furnace-linings have given general satisfaction, where 
Properly applied, and more especially the furnace-linings 
of the carborundum type. In point of fact furnace-linings 
pong be: been eae armen be Melbourne a time, and 

e business ap to have every prospect of increasing. 

Closely allied to. furnace-linings, we find tha» boiler 
pam of high-grade manufacture has contributed per- 

ps more than anything else of recent years to engineer- 
ing efficiency, and owners of boilers would do well to 
inguire into the benefits derived from its use. Boiler 

ite, being non-chemical in action, appears to fill 
& long-felt want ; more so where the feed-water is of an 
inferior quality, and the results obtained more than pay 
for the cost of introduction. 

There is one thing, however, which the manufacturers 
have not sufficiently brought to the notice of their clients, 
and that is that before the introduction of the graphite 
into =  » the boilers — be clean ; a So 
graphite has the property of precipitating a! ie, which 
18 Hable to bring about fatal results. 

It would be safe to predict that when the benefits 
derived from its use me more widely known, boiler 
oo will become a sine qua non where boilers exist— 
with the exception, of course, where the boiled water 
itself is required for cleansing purposes, such as hos- 
pitals, laundries, &c. 

I am, Sir, yours faithfully, 
. Duncan BisHopr. 
7, Hawcoat-lane, Barrow-in-Furness. 





“THE FAN DYNAMOMETER.” 
To THE EpiTor oF ENGINEERING. 
Sir,—In a letter which is published in your issue of 
the 7th inst., Mr. Walker disagrees with my state- 


ments :— 

(a) That for geometrically similar fans, the resisting 
torque varies as the fifth power of the linear dimensions. 

(8) That the total resisting torque due to the fan can 
be taken as the sum of the resisting torques of the arms 
and the blades, each being calculated se tely. 

Mr. Waker’s disagreement with (a) must surely be 
due to some misapprehension on his part. His disagree- 
ment with (b) is quite justified as far as it concerns the 
type of fan supplied by him; as in these fans the arms 
are made of wood and arevery thick, and mask a con- 
siderable portion of the area of the blade. ; 

If, however, the arms are made of steel, so that their 
thickness is only a small fraction (say, one-eighth or less) 


of the width of the blade, the resisting torques can, as 


I stated, be added together without sensible error. The 
experiments of Messrs. Morgan and Wood confirm my 
own work on this point. : 

In E ug summary of my paper the constant in the 
formula for the density of average atmospheric air was 
given (owing to an error in the proof originally sent to 
you) as 1.347. This should have been 1.317. 

Yours faithfully, 
J. Lawrence Hopeson. 

Hydraulic Engineering Works, Biscot-road, 

Luton, Beds, April 13, 1916. 





MonicipaL Loans For Srorace Batreriss. — We 
understand that, in response to ap application made by 
the British Electrical and Allied ufacturers’ Asso- 
ciation, the Local Government Board has to ex- 
tend the period for the repayment of loans in respect of 
storage batteries from seven to ten years, if satisfactory 


as | guarantees are given. 





“ LiverPoot Suprinc.”—The 1916 edition of this 
useful publication has recently been issued from the offices 
¢ the Journal of so agen 17, bp temp Laverpool. 

comprises a complete personal ° directory 
the shipping and allied trades in the ports of Liverpool 
and Manchester, and should be of mach a1 ’ 
shi community, for whose convenience it was 

nally poor The ter part of the book is taken 
up with a list of Liverpool shipowners, lists of directors, 
historical and financial notes, office addresses, fleets and 
services being Besides this 
there are lists 
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NOTES FROM A COLLISION 
INVESTIGATION,* 


By Joun Rep, Member. 


On May 29, 1914,.the liner Empress of Ireland, in 
collision with the collier Storstad, i and sank in 
the St. Lawrence River. A Court of Inquiry was sub- 
sequently held at Quebec. Extracts from the official 
statement of the case to the Court are as follow :— 
“The catastrophe was very sudden; the Empress of 
Ireland received a very severe blow on her starboard 
side, struck by the starboard bow of the Storstad. She 
began to fill, turned over on her beam ends, and sank 
almost immediately ; according to the estimate she re- 
mained afloat not more than 15 or 20 minutes at the out- 
side from the time of contact.” . . . “‘ The nature of the 
damage which the Empress received cannot be proved ; 
she disappeared immediately. Divers have been there, 
but I am informed that it is ~~ for divers, owing 
to the fact that she is lying on her wounded side in the 
mud, to ascertain what ths condition of the starboard side 


Fég.1. STARBOARD SIDE OF “EMPRESS” 
IN WAY OF DAMAGE 





fog of error and misapprehension. There was, for | 
example, a very prevalent impression, en ep dis- 
covered to be incorrect, that the Empress w struck 
was lying motionless in the water, and that the collier 
struck the liner a blow approximately at right angles to 
her side, though, curiously enough, this impression was 
contradicted by another—viz., that the Storstad had 
struck the Empress a glancing bow. destroying an impor- 
tant transverse water-tight bulkhead. The writer will refer 
later to the idea, very prevalent after more than one ship- 
ping disaster, that rapid foundering is dependent upon, or 
the result of, a fore-and-aft ripping up of the side of the 
vessel sunk, thus explaining the failure of the water-tight 
bulkheads to justify the claims made by the builder or 
naval architect that a particular vessel will float with 
this or that number of compartments bilged. This 
seems to call for careful overhauling, because it may have 
led to quite erroneous conclusions from recent disasters, 
in which, as in the present case, it seemed at first impos- | 
sible to decide io ly what had happened. 

After careful study of the available data, the writer 
decided to determine, as nearly as possible, where on the 








theory | doors, and ultimately this 


which so much has been made in recent marine disasters. 
A first approximation to the point of contact with the 
Empress’s side was obtained the discovery on the 
port bow of the Storstad of a tal horseshoe-shaped 
indentation of very distinet shape; that is to say, so 
definite and regular a stamped-in effect as to justify the 
— that it could only be the — of 4 — 
eature projecting very prominently from the Empress’s 
side. is belief was further strengthened by the fact 
that just above this prominent mark was the faint imprint 
of a sidelight frame. At this time no plans or model of 
the Empress were available, but the writer remembered 
having seen on the side of the Empress a series of pro- 
— ape rubbers projecting about 6 in. from the 
side vessel under each of the lower-deck coaling- 
minent mark on the port 
bow of the collier was attributed to the forward end of 
one of these pads. The particular one which had left 
this imprint was later determined from the Empress’s 
plans by the discovery of the sidelight which measured 
the right distance from the pad corresponding to the 
imprints on the Storstad’s bow. (See Fig. 1, below.) 


Fig. 2. 
“gmPRESS” 
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of the ship is, unless the ship can be raised, which I 
anticipate is impossible. Plansand details of the ship will 
be produced, and witnesses will be called to explain and 
comment on these phases of the case.” 
The writer was one of these witnesses, his instructions 
being to examine the damage sustained by the Storstad, 
and to endeavour to determine therefrom the exact place 
on the Empress’s starboard side where contact occurred, 
the angle at which the two vessels met, the extent of 
damage, including depth of ene ee | of the Empress 
by the Storstad, and the behaviour of the two vessels 
subsequent to the collision. 
From a preliminary study of the Stortad’s bows it was 
easy to see that the damage to this vessel had resulted 
from an attempt to shoulder the luff of her starboard bow 
into the side of the Empress; but to determine, for 
example, the angle of contact of the Storstad with the 
Empress at the moment of collision, from the crushed and 
twisted wreck of the former’s bows, did not seem very 
likely to prove an easy task. It might be mentioned that 
4 matters of this kind the investigator is very apt to be 
iassed by preconceived theories, possibly derived from 
the reports of witnesses from either vessel, which are 
invariably found after a disaster of this magnitude to be 
quite irreconcilable. Then, 
distorted versions of the accident which create s veritable 
* Paper read at the Instituti i 
April 13, 1916. tution of Naval Architects, 
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side of the Empress the contact had occurred, and later 
to investigate the angle of contact, feeling certain that if 


these two questions could be handled successfully, the 
others lt easily be dis of. 

A minute inspection of the damaged starboard bow of 
the Storstad indicated that the Empress, where struck, 
had stam certain of its minor features upon the shell- 
plating of the Storstad’s bow, in momentary contact with 
the Empress, before crushing took place. For example, 
the regularity of the vertical spacing of certain short 
horizontal scores on the damaged plating of the starboard 
bow pointed to the projection from the Empress’s side of 
numerous small objects which were quickly recognised to 
be the snap-headed rivets on her topside plating. The 
traces of these rivet-heads also indicated that the first 
contact had taken place on the luff of the Storstad’s star- 
board bow, and that this contact had been of very short 
duration before the crushing in of the Empress’s side, and 
the simultaneous deformation of the Storstad’s bow. The 
discovery of these rivet markings established another 
point of t importance. The most careful examina- 
tion of the Storstad’s damaged bow failed to show a 
sequence or recurrence of the markings, such as must 
inevitably have occurred if the Storstad had glanced 
Empress’s side. It was clear that all the traces 
found had resulted from a single contact, followed by an 
immediate deformation of the shell-plating on which 


these marks were found. This disposed at once, so far 





as this case is concerned, of the glancing-blow idea, of 
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Unfortunately, these very helpful signs were imprinted 
on the port bow of the Storstad, and not on the star- 
board bow, where the first contact had certainly taken 
place ; therefore the point of first contact remained to be 
decided. | a later consideration of the circumstances 
which attended the impact it was found that the imprints 
made by the Empress’s pad and the sidelight on the 
Storstad’s bow represented the extreme limit of the 
aftermost damage to the Empress, and if, therefore, no 
glancing took place at impact, it was feasible to measure 
back from this aftermost limit to find the original point 
of meeting of the two vessels, and to determine this 
within limits of accuracy satisfactory for the purpose 
intended. ; 

It was then found that this pointof first contact was 
as nearly as possible 16 ft. abaft the water-tight bulk- 
head dividing the twostokeholds. The accuracy of this 
figure was cross-checked, so to speak, in a rather curious 
way. On the forecastle head of the Storstad some small 
wreckage, apparently from one of the cabins of the 
Empress, was picked up. This wreckage included a piece 
of wood with a number-plate on it, which was appa- 
rently from the state-room into which the bow of the 
moyen ~~ 328, exactl Py ney . pty — 

of room 328, over in the Empress’s 
side already determined. as the first point of contact, 
which was as nearly as possible edmidshipe (Fig. 1). 

To determine the angle of contact a process of elimi- 

nation was adopted. It was, as already stated, generally 
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oe that the blow had been a; ximately at right 
angles. Any one who has made tho slightest study of 
How damage is well aware that the bar stem usuall, 
fitted to merchant ships is a very article with whic 
to deliver a blow square to the of any substantial 
structure. The stem is drilled full of large holes, is 
poorly supported by its side plating, and is absolutely 
inefficient as a ram. writer cannot @ case in 
his experience where contact between the bar stem of 
one ship with another’s side has not inevitably resulted 
in a fracture of thestem. The peculiar thing about the 
Storstad’s stem was that, not only was it not broken, 
except short off above the forecastle deck, but it was not 
even scored across its leading edge, as must inevitably 
have been the case had it been subjected to violent con- 

i 's shell-landing, stri and 
decks. Manifestly, ore, an impact at right angles, or 
even approximately at right angles, in which the stem edge 
could have been brought into play, was quite out of the 
question. It seemed reasonable from these circumstances 
to assume that the bar stem had never done any cutting 
work at all; that the Storstad had crushed or shouldered 
the luff of its starboard bow into theside of the Empress, 
and that the stem bar had had noshare in the damage 
done. But on such an assumption le of contact 
must have been under, rather than over, 45 deg., a conclu- 
sion quite at variance with the best evidence procura 
Actually it was found that this angle, measured, of 
course, between the centre line longitudinal planes of the 
two vessels, could not possibly have exceeded 40 deg., 
and that underwater parts of the Storstad damaged by 
the collision would for an even more acute angle of 
contact down to 35 deg. This discrepancy may be 
accounted for to some extent by a heeling action under 
the blow, which was undoubtedly a very severe one, and 
may have careened both vessels through moderate angles. 
The actual nature of the contact was determi as 
follows :— 

First of all, the Storstad’s bow profile was drawn 
against the midship section of the Empress as if for a 
right-angle blow (Fig. 2, geee ser, It was then discovered 
that the relation of the press’s decks to those of the 
Storstad, at moment of contact, might be of great im- 
portance. It will be seen that the Storstad’s stem at a 
right-angle blow would enter the Em just under the 
latter’s shelter-deck, which certainly sustained little 
damage; that the upper decks of the two vessels were 
approximately opposite other, and that the main, 
lower, and orlop deck levels would also meet the 
Storstad’s bow. Examination of the damage sustained 
by the starboard bow of the collier showed that the 
Empress’s decks had stoutly maintained their shape 
against the tration of the Storstad, that all of them, 
but especially the upper deck, left very definite traces of 
themselves on the Storstad, and had, in fact, to some 
extent turned the tables on the ramming vessel cutting 
deeply into its bow (Figs. 5 and 6, page 378). From 
measurements made from the traces of these decks on the 
bow of the Storstad on the assumption, corrected by 
later data, that the deck edges had not seriously de- 
formed under the strain, it was easy to arrive at the con- 
clusion that an —— exceeding 45 deg. could not be 
seriously entertained. Another check was obtained by a 
study of the wreckage on the Storstad’s forecastle head. 
As already pointed out, this forecastle head had gone 
into the Empress just under the liner’sshelter-deck, which 
acted as a plane, shaving away all obstructions, including 
the stem head, on the forecastle, right back to the wind- 
lass. As we have seen, this shelter-deck, not being sub- 
jected to any serious blow from the Storstad, would not 
deform. Had the Storstad gone fair into the Empress 
and backed fair out of the hole made by the collision, it 
would have been simple to find out accurately to a 
few degrees just what angle the contact had been at. All 
that would have been would have been to draw 
a line across the forecastle head between the limits of 
damage on the and starboard sides, and that would 
have determined the angle of contact and also the limits 
of penetration measu inwards from the shelter-deck 
stringer angle of the Empress. Also it would have been 
possible from such data to have very closely fixed the 

osition and even the dimensions of the hole in the 
mpress’s side from the same considerations. Unfortu- 
nately, the simplicity of such a line of investigation was 
ma: the discovery that the Empress could not have 
been stationary in the water at tae m»ment of collision 
as was generally understood. The catastrophe occurred 
in a fog, which tends to obliterate all ideas of time and 
8 and therefore also of speed, and it was quite certain 
that, after striking the Empress at an angie of under 
45 deg., the Storstad’s bows were held as in a vice, and 
the whole vessel swung pe an angle of at least 100 
deg. by a for movement of the Empress th: h the 
water. Ultimately the collier’s bows were withdrawn 
from the wound in the side of the Empress, but under 
these manceuvres the relation of the liner’s shelter-deck 
edge to the damage line on the forecastle head of the 
collier underwent a change, and the angle of dam 
across the forecastle was only an approximate guide, 
owing to irregularities thus introduced. ¢ some such 
swin) ng ootite had taken place after contact was quite 
clearly shown by the nature of the damage on ho tae 
castle head, but it was indicated much more clearly by 
the peculiar damage formation on the Storstad’s port as 
Tt is necessary to turn back to a consideration of what 
‘&P) 
the first part of the Storstad actually to touch the side of 
the Empress was the forefoot, just where it turns in 
towards the keel-line (Fig. 4, 378). The collier had 
om trim by the stern, = set stem back from 
ic mpress’s side had consider- 
able tumble home. These variations from the perpendi- 
cular make it rather difficult to state finally whether the 


ed at the moment of impact. It is probable that | E: 





over! ing luff of the Storstad’s starboard bow or her 
forefoot contact first. The point is not im t, 
iar and contra- 


save as it tends to explain a 
dictory y shown in twist of the Storstad’s 
bows. My explanation is that the collier’s stem-bar 

@ momentary hold on the side of the Empress at the orlop 
deck stringer level, and that the stem started to go over 
to starboard, but before it got more than a start in this 
direction a different impulse met it, coming down from 
above, as a result of the meeting of the Storstad’s 
starboard bow with the Em ’s upper work. What 
happened was undoubtedly this. The collier had hanging 
in its s hawse-pipe a stockless anchor projecting 
several feet beyond the shell plating, which got caught 
between the upper decks of the two shipe, which, as we 
have seen, met practically edge to edge. The bl 


low was 
vey oy & very severe one, as is shown by the 


fact that anchor was driven violentl i the 
massive cast-iron hawse-pipe and Seneel inw and 
aft through the adjoining bow-plating until it brought up 
at the extreme limit of the resulting to the 
Storstad from the ———— of the liner’s side (Fig. 6, 
page 378). But this sudden blow on the side of the 
torstad’s bow, so near the stem, had a curious effect on 
the whole of the vessel’s “‘ nose.” By “‘ nose” I mean 
the stem-bar, the es adjacent thereto, and the 
numerous small horizontal brackets or hooks which con- 
nect together the ends of the longitudinal frames. These 
hooks are only 2 fs. apart in the vertical direction, and 
the result of this construction is that the bow end of the 
Storstad is formed of a vertically-disposed girder of 
triangular horizontal section. It is this bow-end, or 
*‘nose,” which turned over to starboard under the 
crushing action of the blow. First the blow high up just 
under forecastle deck, due to the anchor being caught 
between the two decks which would not give way ; ti 
as the anchor was driven out of place and out of the way, 
this vertical bow-girder, which had started to turn to 
starboard on the crash, came up against deck after deck of 
the Empress as the penetration ed, and the whole 
bow went over to port, neutralising the conflicting ten- 
dency from below to go over to starboard. That scomesuch 
action did, in fact, take place is indicated by the damage 
to the stem just above the forefoot, where the bend 
to port of the stem-bar is clearly shown and the scarph in 
the stem opened, allowing these conflicting tendencies to 
adjust themselves (Fig. rid This turning of the Storstad’s 

w to port, and bearing in mind the fact that the 
direction of entrance into the Empress was at an -~— 
from forward aft along the Empress’s side, produced the 
result that the Storstad was caught by the ‘‘ nose” and 
could not free herself immediately. She was, in fact, 
“*hooked” into the Empress, and could only release 
herself as the liner moved ahead, when the Storstad 
swung aft and the interlocking parts freed. That the 
Empress was under way is shown by the crushing-in of 
the side of port bow of the Storstad just forward of the 
initial damage on this bow (Fig. 3, page 387). There is a 
double bay or indentation here, one formed by the 
turning over of the Storstad’s ‘‘nose,” as already indicated, 
and the other by the pressure of the after edge of the hole 
in the Empress’s side, against which the Storstad hinged 
as the whole vessel slewed aft till she left the Empress 
stern to stern, having penetrated in the reverse direction. 
It was when this second bay or vertical indentation was 
developing that the pad and sidelight on the Empress, 
referred to above, were stamped into the port-bow 
plating of the Storstad, leaving a clue to the occurrence 
which proved most important. The main conclusions 
arrived at were then as follow :— 

1. That the point of first contact was as near as possible 
amidships, the Storstad’s stem entering just under bulk- 
head of Room 328 and forward of aftermost lower deck 
coaling-door. 

2. That the angle of contact was very acute, certainly 
not over 45 deg., measured between the centre longi- 
tudinal planes of the two vessels. 

3. That there was a penetration not exceeding 12 ft. 
from the vertical side of the Empress. 

4. That the longitudinal bunker bulkhead of the 
Empress in wa was not punctured. 

5. That the Empress was in motion at the time of 
collision, but aoe rate of speed which could not be accu- 


wR mT Lb 

6 t the Storstad’s ‘‘ nose” going over bodily to port 
hooked her into the gap in the Em from which she 
freed herself turning through an angle of about 100 deg. 

7. That while the plating and my | of the ne 
was immedistely, under the influence of the blow, burst 
inwards and rolled back on the after side of the gap, the 
decks stood up to their work and resisted distortion in 
& “eer way. 

8. That in a ramming collision yee framing, as 
in the Storstad, shows very remar le resistance to dis- 
tortion by collapse. The damage to the Storstad, con- 
sidering the nature of the accident and the consequences 
entailed, was almost trifling and did not extend to the 
collision bulkhead. 

Conversely, the horizontal strength members of the 
Empress, such as the decks, ‘“‘bit” very decidedly into 
the Storstad’s bow between the longitudinals, and left 
unmistakable traces of the contact. 

It would have been possible from the data obtained 
from the Storstad’s bow to define fairly accurately the 
size and shape of the hole made in the side the 
m From this an estimate might have been made 
of quantity of water per second entering the ship 
when the hole was free of the Storstad, but such estimates 
could serve no useful because the water en 


of the 


purpose, 
could only find its way into the interior of the 
doors, and along the 
very accu- 
upon the 


ecks in a complicated way, permit no 
sete cstimsete ef what action the iarech bad 


capsizing of the vessel, which ultimately consummated 
this catastrophe. 

These notes are submitted by the writer to emphasise 
on advan which may be derived from a very 
ul study of damage sustained by vessels from 
noma Ang -— — —. —_ such as —, a 

joes, t first sight it might appear ere 
would be no relation between the resulting damage from 
causes so dissimilar. The writer is convinced that there 
is the very closest relation. The inward thrust from, say, 
a mine exploding in close contact with a vessel’s side is 
precisely the same as that produced by the blow of another 
vessel’s stem with the concentrated momentum of a 
vessel and heavy cargo behind it. In the one case you 
have a sudden sharp irresistible blow; in the other, 
&® comparatively slow sustained but equally irresistible 
push. Whatever the inboard consequences may be, the 
outboard consequences to plating and ‘framing are re- 
markably similar. In the neighbourhood of the impact a 
bursting in and setting back of the plating and framing, 
with a very determined effort of the deeper vertical and 
horizontal members to resist distortion. I refer to webs, 
stri 3, decks, and bulkhead edges ; it will generally be 
f that these ions of the structure form limits to 
the extent of the looked at from the outside. It 

ill, I think, be found that resistance to the sudden 
application of disruptive forces, from whatever cause 
arising, will be easiest obtained by a great increase in the 
number and — of the frames, webs, and stringers 
under the waterline, just as ultimate safety after Lilging 
must depend on a more minute sub-division into water- 
tight po pee involving a larger number of bulk- 
heads, both transverse and longitudinal, than has yet been 
advocated. This, be it understood, only for the case 
of vessels of such size and importance from the number of 
passengers carried or the mili value involved, as 
to warrant the increased cost and loss of deadweight 
or increase in displacement, as the case may 

_Finally, the writer ventures the opinion that water- 
tight bulkheads, whether transverse or longitudinal, 
on which the safety of any vessel is based, ought not to be 
freely pierced as at present by doors, pipe passages, 
steam and exhaust connections, electric conduits, &c. To 
do so, no matter under what saf . is to destroy the 
validity of the bulkheads, and to vitiate all calculations 
on their remaining intact. 





THE MARINE DIESEL ENGINE AND ITS 
POSSIBILITIES. 


A Brief Summary of the Present Position of the Marin® 
Diesel Engine and Its Possibilities.* 
By Eng.-Lieut.-Commander W. P. Sruuincz, R.N. 
(Retired). 


PRESENT circumstances render it difficult to make a 
correct survey of the strictly a me position of the 
marine Diesel engine, although this does not affect, to the 
same extent, the degree of accuracy (or inaccuracy) of 
deductions to be drawn, when considering the possi- 
bilities of the future. With a very few exceptions, the 

rocesses of evolution and development of the marine 

iesel engine have, unfortunately, been carried out 
entirely on the Continent, and it is there that the largest 
experience has been gained and most progress made, to 
the detriment of progress in this country. One regrets 
to have to admit this. It is hoped that this state of 
affairs will soon be righted after the conclusion of the 
war, and there is little doubt as to this, for the British 
have a way of doing things thoroughly, although they 
may be rather late in making a start. 
1e marine Diesel engine is essentially an engine of 
detail. The failure of one or more essential details may 
involve very serious See. Also incorrect deduc- 
tions may be drawn from failures of detail. .For success 
and real progress there must be the most complete col- 
laboration between the designers, the works, and the 
testing departments of any one firm of makers, and a 
frank and frequent interchange of ideas, through proper 
channels, between the various builders and users. Owing 
to the war, communications (particularly technical ones) 
have been rendered difficult with neutral, and necessarily 
im ible with enemy, countries. Also both ourselves 
and the enemy have for many months had to devote our 
whole attention to other things than the further develop- 
ment of the marine Diesel engine, and owing to the same 
cause there been indirectly a retardation of progress 
in neutral countries. Therefore it may be taken, with 
reasonable accuracy, that the present position closely 
agrees with that of eighteen months ago. In consider- 
ing the ‘‘ possibilities,” it is essential that full advantage 
be taken of a fairly accurate Reoutenge of past ex- 
perience and progress to date, including failures as well 
as successes. In fact, the most valuable engineering 
knowledge is generally obtained from the experience of 
troubles surmounted than from cases of their complete 
absence. The process of acquiring such valuable ex- 
perience is generally costly. ; 

Apart from the difficulties, the present lull in the 
progress of development of the marine Diesel engine 
affords a convenient opportunity of reviewing past experi- 
ences and of surveying the present situation with a view 
to obtaining some indication as to the future. Altbough 
the subject of this paper precludes the consideration 
of the d type of Diesel engine, it must be said in 
justice that the marine type would not have attained its 

state of development so soon had it not had the 
Ponedit of the results of years of experience with land 
types. The present paper has been prepared on the 
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above lines, and is intentionally made as brief as possible, 
since it is intended to be more of the nature of an “‘ indi- 
cator” than a paper of detail. The cycle on which the 
original Diesel engine of 1892 was intended to work was 
an ‘‘ideal” and theoretical cycle, having the highest 
thermal efficiency attainable with the large range 
temperature proposed for the cycle. Economy was 
keynote of the aoe Compression of air (air only, 
not a mixture of air, with gas and. vapour) was for 
first part “‘ isothermal ” (due to the injection of cold water 
into the cylinder), and the supply of injection water 
was cut off, remaining portion of the compression 
stroke was ‘‘adiabatic ” (due to the lagging of the uncooled 
cylinder), with consequent rapid rise intemperature. At 
about dead centre, fuel (at first coal-dust) was injected 
into the hot air contained in the cylinder at such a con- 
trolled rate that combustion, which comm at dead 
centre, continued during the period of injection at such 
a rate that the products of combustion expanded “‘ isother- 
mally.” At a certain point in the stroke the supply of 
fuel was cut off, and the gaseous contents of the cyli 
expanded adiabatically until, at the end of the stroke, 
they had expanded to, and were exhausted at, atmospheric 
vem ture ood pew pe 

This theoretical cycle was very soon found too ideal to 
be a commercial proposition, and practical reasons led at 
once toa reduction in the ratio of compression, to the 
abandoning of water injection, to the water-jacketing of 
the cylinder, to the admission and regulation of the 
supply of fuel se as to give combustion at constant 
sure, and to the exhausting of the products of combustion 
ab a pressure and temperature both considerably in excess 
of atmospheric. The immediate results were a reduction 
of the maximum pressure in the cylinder and of stresses 
consequent thereon, a reduction of range of working com- 
pression temperature (still much more than sufficient to 
ignite any of the fuels used then or since), but they involved 
a large increase of temperature during combustion, and a 
considerable falling-off of thermal efficiency. 
however, an increased output of power from a given 
size of cylinder, or, what is the same thing, a reduction of 
size for a given output. The use of coal-dust was aban- 
doned, and liquid hydrocarbons adopted instead. 

All Diesel engines of the present time aim at combus- 
tion at approximately constant pressure, are water- 
jacketed round the power cylinders, and exhaust at con- 
siderable pressure (say up to 40 Ib. per sq. in. by gauge) 
and at a comparatively high eee (say 500 deg. 

e 


Fahr. and above). In regard to t — happening 
practically no 


in the [werd cylinders, there has 
change during the last fifteen years. 

The first marine Diesel engines worked on the four-stroke 
cycle, and there are numerically many more marine Diesel 
engines in operation working on this cycle than on the 
later two-stroke cycle, which only dates from 1906. This 
is but a natural outcome of development, and the two 
types—viz., two and four-stroke cycles—will be compared 
later as we pass points in the paper. The earlier marine 
Diesel engines did not extend the cooling to the interiors 
of the piston crowns, being small in power ; but, as sizes 
increased, it was found necessary to cool internally the 
piston with air, water, or oil (particularly so in two stroke 
engines), to water-cool the exhaust-valves, where fitted, 
and in some cases their seats. 

As far as it has been possible to ascertain, the total 
number of Diesel-engined motor vessels completed to 
the end of December last is about seventy, having a total 
dead-weight capacity of about 350,000 tons, and a total 
—_ oa of about 110,000. — vessels are 
near, of the cargo-carrying mercantile 6 ; war 
vessels and submarines are nob included. 4 is also 
understood that about a further fifty vessels, of over 
300,000 tons dead-weight capacity total, and of nearly 
100,000 brake horse-power total, were on order at the end 
of last year, and oma Dep, vessels of com tively 
high power have been ord: a past ion weeks. 
When it is recalled that in 1911 the total number of 
motor vessels completed during that year was but three, 
of 5000 tons dead-weight ~~ total, and 1200 total 
brake horse-power, it will seen that progress has 
been extremely rapid in this type of vessel. 

The engines fitted to these vessels are practically all of 
the eoaine. cence, slow-running mercantile 
type, differing but little from the land type, except as 
regards reversibility, that they mostly have cross-heads, 
and that little restriction has on weight or 
space occupied. The later motor-ships have engines, the 
powers of which from about 750 to 3600 indicated 
horse-power per t—t.c.. from 125 to 600 indicated 
horse-power per cylinder. The fuel economy is remark- 
ably good, the consumption varying from 0.3 Ib. to 0.33 Ib. 
per indicated horse-power per hour, or one-fourth to one- 
fifth that of good reciprocating steam machinery of curre- 
sponding size and t The weight of the propelling 
machinery and self-contained auxiliaries varies from 
3 cwt. to 5 cwt. per indicated horse-power. 

A few of the larger engines work on the two-stroke 
principle, single-acting almost without —- and 
develop up to 2500 brake horse-power (say indicated 
horse-power) per shaft, or 420 brake + ~ po (600 
indicated horse-power) per cylinder. The fuel consump- 
tion for this type is from 5 to 10 per cent. higher per 
unit of brake horse-power (due to the work required for 
Scavenging), but per unit of indicated horse-power it is 
practically the same as for ing four-stroke 
engines. The weight per horse-power is about 25 to 
40 per cent. less than for four-stroke engines; the space 
occupied is considerably less, ey as regards height. 
They are eminently more suitable to the higher powers 
than the four-stroke engine. At least one of the vessels 


is fitted with two-stroke double-acting i of about 
S) bral horse-powar per shaft, or 280 brake horse-power 
r cy ‘. 


of 
the | i 





All the preceding figures relate to slow-running engines 


of the mercantile type. Apart from the above, are 
at least three experimental engines installed for 
testing on shore, designed for 200@ to 2500 brake horse- 
power per cylinder, of slow-running type, and suitable 
for propulsion ; but although each engine has developed 
its power, the troubles experienced in two cases 
at least have been very great, and it is doubtful whether 
Diesel engines having such large powers per cylinder 
will ever be remunerative to their or sufficiently 
reliable on service to justify their adoption on a large 
scale either for mercantile or naval purposes. 

, y, for naval work, engines having a relatively 
> ayes of —- of noe wean, ons occupying as 
ittle s as possible, are required ; in many special 
cases these conditions are so vital that failure to comply 
prohibits their application. It is also desirable that the 
—— be made as robust as a, and that reliability 
: 2 on ay —y not sacrificed unduly. —_ 

rst high-speed naval type engine was completed about 
1906, and since that time its development has been even 
more rapid than that of the slow-running mercantile type 
of engine peeviensly referred to. maximum powers 
per cylinder in high-speed engines at present at work are 
not so great as of the mercantile engines, but the 
former are rapidly approaching, and may soon overhaul, 
the latter. 

One is not permitted to state the numbers of vessels 
equipped with such engines, or to furnish more than the 


pres- | barest information about the engines themselves. Suffice 


to say that there have been constructed and set te work 
some hundreds of such engines, aggregating over 500,000 
brake horse-power, bd ag eae per shaft being generally 
slightly under 1000 e horse-power, and powers 
cylinder varying from 100 to 150 brake horse- r. 
he speeds of rotation vary from 350 to 500 revolutions 
per minute. There are a few instances where the power 
is as high as 1500 brake horse-power per shaft, the power 
ae my varying from 125 to 250 brake horse-power. 
t is also known that in the summer of 1914 certain 
engines of submarine ty pe, designed to develop 2500 brake 
horse-power per shaft, or over 300 brake horse-power per 
cylinder, were nearing completion, and they are now 
doubtless on service. 

Quite recently an experimental single-cylinder sub- 
marine-type engine was tested on shore, and developed 
rather more than 500 brake horse-power at about 350 re- 
volutions per minute. The reliability was said to be 
extremely as determined by a shop test of consider- 
able duration, as was also the fuel economy. An eight- 
cylinder ee te up of such units would therefore give 
about zs ; ren per shaft, —_ exceeds the 
power per shaft of the t mercantile engine at 
sent built and installed. wits 

All these high-speed engines are of the single-acting 
vertical type, the majority are ‘‘ forced-lubricated.” 
Rather more than half of them work on the four-stroke 
cycle, and the bulk of these latter are uot reversible. A« 
might be expected, those having the larger powers per 
cylinder work on the two-stroke cycle, and are directly 
reversible. 

The weights per brake horse- of this type of 
engine are approximately as follow: —-For engines for 
continuous work, such as driving dynamos, 112 lb. per 
brake horse-power. For propulsion 841b. per brake 
—_——_ or the smaller to 56 lb. in the larger units 
per cylinder. These weights refer to the engines them- 
selves, including such accessories as lubrication and 


circulating-pumps, air-compressors, and reservoirs neces- 
sary to start run them. In the small and medium 
sizes of high engines, say, up to 800 horse- 


brake 
power per shaft, the saving in weight by the adoption of 
the two-stroke cycle is not usually very great, say, 15 to 
20 a cent., but in the larger sizes the saving rises 
rapidly. 

The fuel consumption per indicated horse-power per 
hour is generally somewhat higher than for slow-running 
coanen, say, about 5 to 10 per cent., due principally to 
higher velocities through valves and porte, and more 
rapid “‘ functioning,” but this is not necessarily so. There 
is about the same disparity between the fuel consumptions 
of two and four-stroke engines of high-speed type as 
obtains between these cycles in slow-speed engines. 

Owing to limitations of space, principally of head-room, 
this type of engine has hitherto been made single-acting 
only, and no or ~~ guides, in the ordinary 
accepted sense, have been fitted, although in certain 
designs the walls of the power-cylinder their pistons 
have been relieved of the stresses due to obliquity of the 
connecting - rods, by fitting combined scavenging and 
guide-pistons beneath them. Naturally the wear and tear 
1s greater in high than in slow-speed —— but this is 
largely counteracted, at least as far as rings are con- 
eunele by the generally efficient systems of forced lubri- 
cation adopted in most high-speed Diesel engines. _ 

In order that any Diesel engine shall render reliable 
service, it is necessary that certain essentials in design, 

ion, attendance, and maintenance shall be 
strictly complied or ae Sy —— oe Diesel 
engine is an engine of detail. In designing Diesel-engine 
details the particular function which the part is intended 
to perform must be most carefully considered in conjunc- 
tion with the conditions under which it has to operate. 

Essential factors to be taken into account, which do 
not, of course, all apply to every detail, are :— 


(a) In Designing. 
1. Adequate strength and stiffness. 
2. Suitability of material. 
8. Accessibility and ease of adjustment. 
4. Satisfactory arrangements for the dissipation of heat 
and adequate cooling. _ ‘ ed. 
5. Absenee ef distortion under working conditions, 








during erection, and when replacing after examination 
or overhaul. 

6. Sufficient, but not excessive, working clearances. 

7. The results of experience on service should be 
rendered available for use by the designing staff. 

(b) During Construction. 

1. The use of suitable materials, particularly in cest- 
ings subjected to heat or/and pressure, and those intended 
to contain fuel. ti 

2. Accuracy in machining and in erection to ensure 
true form, correct fits and clearances, and preservation 
of alignment. 

3. Absolute correctness of the timi 
periods of all valves controlling air or 


(c) Attendance when Working and Maintenance. 

1. It is most desirable that the ineers in charge and 
their principal assistants be afforded an opportunity, 
during construction, of Songunng cogenieess with t 
details of the machinery which y will later have to 
handle, and with the working of the machinery during 
trials on 


shore. 
2. Fully-detailed arrangement drawings and carefully 
drawn-up instructions (both for working and mainten- 
ance) are of great assistance in ensuring proper manage- 


openings, and 
el. 


-_=- followed. | 
3. Tampering with the adjustments, or alteration of 
the design of important details should be discouraged and 


vented, at least until an expression of expert opinion 
The pri pal reason for referring to the abo 
@ princi reason for referring to above points 
is that, owing to lack of attention to the points in ques- 
tion, one of them has in some case or other (and 
sometimes in many cases) caused trouble or accident 
to the machinery when actually on service. 

A few of the details which have given trouble, and 
which need special care and attention, will now be con- 
sidered, with a view to facilitating the elimination of such 
troubles, and to point the way to further developments. 

1. One of the principal difficulties has been the seleo- 
tion of proper materials for cylinders, pistons, and 
cylinder covers. As usually designed these parts must be 

i Many such intricate and costly castings in iron 
have failed owing to stress, irregular expansi or 
inadequate jacket cooling. A case is on penesd whese 
over a hundred cylinder castings were made before four 
good castings were obtained. This is, of course, a very 
exceptional case. Oast steel has been tried and has 
failed ; ‘‘semi-steel,” 7.¢., cast iron containing a per- 
centage of cast or wrought steel, is but little better ; 
manganese bronze is being tried in some cases for covers, 
but 1ts success is very doubtful ; and the best material, so 
far, is a carefully selected grading of cast iron, having a 
very close grain, a high tensile strength, a small co- 
efficient of heat expansion, and at the same time 
sufficiently fluid to completely fill the mould without 
undue internal stressing on solidification. It is doubtful 
whether the annealing of cast iron is of any benefit, 
slow solidification avoidance of chilling seems prefer- 
able, judging by personal ag eet difficulties 
above mentioned with increase of size, any 
simplification in the design would be really helpful. 

2. Frequent sources trouble, which generally are 
located before an engine leaves its works, are directl 
traceable to inaccuracies of workmanship. Holes | 
bores which should be circular and lel and made to 
certain dimensions are not so. Two such holes which in 
the engine are contiguous, and which should be concentric 
and coaxial, are not so. Efforts made to correct these 
inaceuracies of manufacture lead to still worse troubles : 
valves and spindles are bent, and may seize; the valves 
may remain open when they should be closed, and when 
in the closed position they may leak. This applies 
particularly to fuel valves, fuel-pump plungers, and air- 
compressor valves. Such cases vated by faulty 
alignment have also occurred with disastrous results in 
the main motion parts, ¢.¢., pistons, cylinders, and 

is pin i ‘ -shafts have been re- 
ceived for fitting whose pins and journals were oval 
by more the diametral working clearance per- 
missible, and conical at that, whilst the crank-pins, 
mstead of being in strict parallel alignment with 
the journals, have not only been inaccurate in two 
planes, but have been so disposed that the deviations in 
angular cpoces have exceeded the limits of adjustment 
permissible on cams and valve prectes. Errors of work- 
manship which may be relatively unimportant under the 
low maximum pressures temperatures obtaining in 
steam “wad are of the utmost importance in Diesel- 

me work. 
‘assing now to the “‘ running” conditions :— 





3. The most frequent source of trouble at starting is 
** loss of air,” obvious remedy is an efficient means 
of economising its use, a sufficient supply, and adequate 


auxiliary capacity for replenishment. Any economy, 
either in injection or starting air, is welcome, and skill, 
care, and experience in manipulation of the engine are 
the most important methods of securing this economy, 
particularly as regards starting air. 

Sluggish starting may be due to insufficient compres- 
cion owing to Oe eacine er tit eee ad eee 
(c) wearing down of bearings, or (d) failure of fuel-pumps 
to “pick up” their fuel promptly, due to air locking, 
leaky valves, or incorrect “setting” as regards quantities. 

of these causes is readily capable of location and 
po ue 
tl -valves are not operating as 
should, or if there is undue sesiatames to sotation of the 
er-shaft (grounding, or a foul hawser, are not 
ay eens SS ee Ser fail to start, and it is 
necessary to wait until the air supply is replenished before 
a further attempt is !possible; with air starting this is 
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inevitable, although ‘‘ cross-connecting,” with adequate 
reserve storage, will minimise the trouble. An invalu- 
able aid is the inter-connecting of the air-injection vessels 
of all the engines in the same compartment, since without 
injection air a Diesel engine cannot be started. _ 

5. One of the most serious troubles is that which may 
arise from the introduction into the working cylinders of 
fuel before the popes time. In such a case the engine 
ceases to be a Diesel engine, and pre-ignites (mostly after 
misfiring, and therefore with the chances of a multiple 
charge), in which case combustion takes place not at con- 
stant pressure as desired, nor at constant volume as in 
ordinary types of internal-combustion engines, but in a 
volume which is being reduced during combustion. This 

large i of pressure, temperature and stress 
during combustion, which may result in violent knocking, 
overheating, and stressing of parts, and even in disaster. 
The most frequent cause of this trouble is that of stuck-up, 





sluggish, or imoperative fuel-valves, due either to bad | designs. 


alignment or to seizure in the glands. Improvements in 
design will minimise the risk. A further frequent cause 
of misfiring is the cooling of the power-cylinders, due to 
the rapid expansion of high-pressure starting air, the 
admission of which may be frequently repeated in cases of 
faulty starting, and the corresponding admissions of fuel 


to the cylinder may be overlooked, to cause disaster when | wi 


Another, but controllable, cause is 


ignition does occur. 
the priming ”’—+.e., filling the 


abuse of the process of ‘ 
fuel-delivery a with fuel. So long as adequate pre- 
cautions are taken the process is safe ; but if, owing to 
a fuel-valve being open, or subsequently lifted off its seat, 
or by-pass valves being left shut up, fuel enters the 
cylinder and is allowed to lie on the piston-crown, accident 
may, and probably will, — due to pre-ignition, as 
just described. Such results may be disastrous in large 
engines, even with relief-valves fitted to the combustion 
8 

6. Air-compressors have given, in the early stages of 
development, considerable trouble. The principal causes 
have been excessive lubrication, inadequate cooling during 
compression and between the s' inefficient drainage, 
and insufficient reliefs. These difficulties have now been 
entirely surmounted, and the latest compressors run for 
months with only moderate attention. In certain makes 
of engine, compressors have been dispensed with for the 
injection of fuel, but it isan open question whether the 
ad vantages balance the disadvantages, especially if air is 
ps man 3 for reversing the engines. he mechanical 
pulverisation of heavy fuel cannot be made so efficient 
as with air. 

7. Air starting-valves will occasionally stick, and in 
such cases either starting air is wastefully admitted during 
the whole of the stroke, and is supercom in the 
cylinder, and/or hot products of combustion pass from the 
cylinder into the starting-pipe. Means should be pro- 
vided for working the starting-valves when the engines 
are under way, to ensure freedom of motion and absence 
of leakage. 

8. It may safely be said that after training no abnormal 
skill is necessary either to locate the cause of these 
troubles or to remedy them ; it is acommon-sense process 
mostly, bud one feels that, as previously stated, full 
advan should be taken of the ‘‘ results of experience.” 

It will be noted that no complaint is made as to re- 
versing. This difficuls problem has been satisfactorily 
solved in both four and two-cycle engines. It is true that 
this is more easily effected in the latter case than in the 
former, but efficiently in both. 

We now come to the possibilities of the future, based 
on previously ascertained facts, and here one walks, of 
necessity, on delicate ground. Nevertheless, it is hoped 
that the conclusions drawn will at least logical, and 
certainly that they will not be exaggerated, for exagge- 
ration is worse than misleading. 

There is a limit of size below which Diesel engines 
cannot be made at all, and, further, a limit below which 
they cannot be e commereially. A factory was 
established at Munich to manufacture Diesel engines of 
5 horse-power 7 cylinder on the four-stroke principle, 
running at 600 revolutions per minute. The engines 
were fairly successful, but the undertaking was not suc- 
cessful financially. Later, in 1911, an experimental 
single-cylinder engine, d to develop 10 brake 
horse-power at 1000 revolutions per minute, and work- 
ing on the two-stroke Diesel cycle, was constructed and 
tested satisfactorily; but it was not a commercial success, 
since its cost exceeded by far what would be regarded 
as a fair market price for an ene of the power. These 
cases, however, are not devoid of scientific interest, as 
showing that Diesel engines can be made in very small 
units and to operate at high speeds, although in such 
cases they are not marketable commodities on account of 
> - rime cost, 

efore dealing with other matters, it may be of in- 
terest to refer to two cases of ines installed in the 
same ship, one a four-cycle and the other a two-cycle 
Diesel engine, each running at che same speed (500 re- 
volutions per minute), and occupying thesame space. Ib 
was found that 85 brake horse-power was the limit 
possible with the four-cycle engine, and 125 brake horse- 
power that with the pe engine; the weight of 
the engines in running order was as nearly equal as 
possible. The ratio of power for equal weight and space 
is therefore about 50 per cent. in favour of the two-cycle, 
which is rather surprising in units so small. 

Turning now to the other extreme—the large units of 
power—a survey of the principles involved, from which 
deductions are to be drawn, may not be amiss. The 
results of forty years of experience with the reciprocat- 
ing marine steam-engine have shown that piston speeds 
of from 750 ft. to 1000 ft. per minute are rarely ex- 
ceeded, and even in the latest practice with high-speed 
reciprocating engines as were fitted in carpedio beet de- 





stroyers, 1200 fo. per minute was regarded as a limit 


(18-in. stroke and 400 revolntions minute). Ib is 
therefore reasonable to regard 1 ft. per minute as 
the limit to be approached, but not exceeded, and 
1000 ft. per minute as a reasonable limiting figure to deal 
with when considering the application of Diesel engines 
in high powers to purposes of marine propulsion. Al- 
ready Diesel engines in ships are running at piston speeds 
varying from 750 ft. to 1000 ft. per minute, and in excep- 
tional cases rather higher (1100 ft. per minute). 

Regarding, therefore, 1000 ft. minute as a standard 
of comparison, and assuming that the mean effective 
pressure in the cylinders is 100 lb. per sq. in. (which 
represents an ave of current practice), and that due 
to reasons connected with dissipation of heat, the ratio of 
stroke to bore is unity as a minimum, ferably higher 
(take 1.2 for the sake of comparison), the following may 
be deduced when investigating or comparing types and 
i Any deviation from the basis figures assumed 
will, of course, make corresponding alterations in the 
proportions of the engine, but will not affect the general 
question. 

Taking, first, the case of light, fast vessels of the 
destroyer type. Modern destroyers are almost invari- 
abl poepelaed by means of high-speed turbines, supplied 
ith steam by water-tube boilers of power per unit, 
and generally oil-fired. being the great essential 
for such vessels, lightness and compactness of machi 
is vital. Such steam-propelling machinery, with auxi- 
liaries, will weigh from 27 Ib. to 35 lb. per shaft horse- 

wer. If, instead of such machinery, it is desired to instal 

iesel engines, the following results :—1. They must be 
reciprocating engi since the principle of the Diesel 
turbine is practically and theoretically impossible with 
our present knowledge, due pases y to the fact that 
only a negligible portion of the products of combustion 
are condensable, and the b advan of vacuum in 
turbines cannot therefore be realised. They must run 
at high speed, and head-room will practically limit the 
type to single-acting engines. 3. Weight limitations will 
necessitate the adoption of the two-stroke cycle in pre- 
ference to the four-stroke, and it may be necessary to 
provide for mean pressures greater than 100 lb. per sq. in. 
> There must be some substantial advantages to justify 
the —_ 
Now, the lightest Diesel engines made weigh (without 
auxiliaries) about 56 lb. per brake horse-power, and con- 
sume, say, 4 lb. of fu2l per brake horse-power, whilst 
steam-turbine installations, complete with auxiliaries, 
weigh, as eaid before, about half as much per shaft horse- 

wer, the consumption of oil-fuel being rather under 

lb. per brake horse-power. The installations can only 
be comparable if the weight of machinery plus fuel for a 
given displacement, speed, and radius of action is approxi- 
mately the same in both cases; and, even were that pos- 
sible, the advantage would be with the steam machinery, 
owing to the more rapid lightening of the vessel due to 
the difference in fuel burnt and a corresponding augmen- 
tation in speed. 

A case has been worked out in some detail, and shows 
that the proposal is impracticable tor large torpedo-boat 
destroyers of higb power and speed, since no saving in 
fuel can be made to compensate for the extra weight of 
the machinery in such vessels. Oaly when the power is 
comparatively small, and/or the weight of fuel carried 
considerably more than at present, is it possible to instal 
— engines in torpedo craft to advantage even if 
at 

The case of the light unarmoured cruiser is practically 
no better than that of destroyers, the only possibility 
being the installation of small Diesel engines for cruising, 
whose economy at cruising speeds might justify their 
installation, although they are of necessity dead weight 
to be uselessly carried about at full s » unless ver 
special arrangements are provided which would be bo 
heavy and costly. 

Considering now armoured vessels, such as large cruisers 
and battleships :— 

1. Large Cruisers.—The speed and power of these 
vessels is necessarily high, of the order of 30 knots and 
70,000 shaft horse-power. In such large reciprocating 
machinery the s of rotation must be com tively 
low, since, if the power per cylinder is to be high (t.¢., not 
too many cylinders fitted), the diameter of each cylinder 
must be and the stroke no less (preferably more) ; 
hence low revolutions with limitations im by the 


= . The power per cylinder and per shaft is 
mited by the capacity of means for manufacturing, by 
propeller requirements as regards efficiency, by condi- 


tions of available head- room and armour tection, 
apart from the great Diesel troubles which will eestainhy 
be experienced in very large units per cylinder. 
Alternative cases have been worked out in consider- 
able detail on the basis of equal powers per shaft for the 
development of 72,000 brake horse-power on 2, 3, 4, 6 or 
8 shafts, with 6, 8, 12, 18 or 24 cylinders per shaft, the 
engines being two-cycle, double-acting. A few selected 
examples are contained in the table in the next column, the 
figures being in all cases estimates based on ing 
Se and present knowled From this table, 
and ing it to be fairly accurate, 10 is os that the 
only reasonable solution is toadopt a moderate power per 
cylinder (say 750 to 1500 brake horse-power), a consider- 
able number of cylinders per shaft, and a number of shafts 
—not less than four, preferably six or even eight. Under 
these latter conditions, Diesel engines for propelling 
battle-cruisers a. though their adoption is 
likely to be def ‘or some years yet, permitting mean- 


fi 
while a more gradual, and therefore a less artificial and 


more sturdy, | aaa = from present sizes. 
ips.—In 

able, is not so vital as in cruisers, and the power is m 
A case worked out showed that, with an equal 


these vessels, speed, although desir- 





uch | cannot be put at 


number of shafts as for steam machinery, equal powers 
and speeds with double-acting two-cycle engines can be 
obtained as with steam, on equal machinery weights, 
including auxiliaries in each case, whilst no increase in 

i ent is necessary, the fuel i need not be 
uced, but the radius of action (including fuel for 
auxiliaries) can be increased at full speed at least three- 
fold, and at cruising speeds at least four times. Such a 
proposition is possible from an engineering point of view. 


Number of Shafts .. 2. 











3. 4. 6 8. 
Number of cylinders | 
rshaft .. a1 6 | 8 12 12 12 
B H.P. per shaft ..| 86,000 24,000 | 18,000 | 12,000 9,000 
B.H.P. per cylinder ..| 6,000 3,000 1,500 1,000 | 750 
Total number of cylin- | | } 
ders .. a asl 12 24 48 72 96 
Bore of cylinders in.) 60 423 30 244 214 
Stroke .. oo Sel 72 | 61 36 30 | 2% 
Revolutions per minute 8 | 120 170 200 230 
Maximum on! } 
— . -- tons) 630 | 315 158 106 8 
eter of piston-| | 
ae ie 19 | 134 94 8 7 
Diameter of ern ~t 264 | 
os e | 19 134 1 9} 
tama ec crm] —_ 
ee n. 19 13: 1 9 
External diameter of : ” : 
crank-shaft .. in. 46 363 293 24 21 
Internal diameter of 
crank-shaft .. in. 23 18} 14} 12 104 
Axial length of crank- 
webs .. es in. 39 30 234 19 16 
Length of crank-pins| 
in. 61} 39 24 20 17} 
Thickness of cylin- 
ders .. +. a 6 4} 3 24 2h 
eine over - ali 
length of engine fz. 112 116 122 100 87 
*Working height above 
crank-shaft .. . 42 30 21 18 15 
*Engin ~~. 
water-line .. ft. 23 ll 2 -1 -4 
Approximate total 
—— of main pro-| 
pell ng machinery 
and ite auxiliaries) f 
tons; 6,500 6,000 5,250 5,000 4,760 
| 








. ‘In a special | design which is being evolved, these figures may 
be capable of a reduction of about 15 per cent. 


3. Submarines.—An eminently suitable field for naval 
Diesel engines is the surface propulsion of submarine 
vessels, and it is to this —_ that this engine has 
been most eee sane. The powers required do not 
exceed those obtainable from reliable engines, the space 
cap be provided to accommodate them, and weight is not 
prohibitive. 

. Hitherto head-room available has limited the applica- 
tion to the single-acting type, and it is extremely doubtful 
whether double-acting engines can ever be fitted, due to 
the same reason, unless the dimensions of submarines are 
largely increased. 

avourable installations can be made of Diesel engines 
for emergency lighting, dynamo, and auxiliary machinery 
driving in large vessels, and for the propulsion of tank 
vessels, fleet auxiliaries, and ordinary merchant vessels ot 
moderate powers and speeds; but large merchant vessels 
«nd ocean liners fall more under the general conditions 
obtaining for battleships and large cruisers. Each such 
case, however, has to considered on its merits and 
known conditions of service, eo that it is not well to 
generalise, particularly in mercantile propositions. 

If this paper has but had the effect of turning one’s 
thoughts to what has been done and to what may be done 
in the future, it will have fulfilled the object of the author. 





InpDusTRIAL Wak-Tax Reserves IN Germany. — The 
question of war-profit taxation of the German industry 
is being very much discussed at present. The law for 
the taxation of war-profits ordains that limited companies, 
mining undertakings, &c., are bound to put 50 per cent. 
of the additional profits earned during a financial year in 
war-time aside as a special reserve. A number of indus- 
trial companies have, accordingly, in their annual balance- 
sheet le reserves for the war-profit tax. The reserves 
in question, however, are not by any means always 
visible, whilst other companies have invested the re- 
serves in question in State bonds in such a way that 
they do not actually appear in the balance-sheet. A list 
of some fifty German companies which have published or 
decided upon their balance-sheets since the law came into 
operation in December, 1915, contains some interesting 
particulars as regards these reserves :— 





Marks. 

Rhenish Metal-Ware and Machine Company 5,300,000 
Hirsch Copper and Brass Works es oe 4,000,000 
Adler and nheim Leather Company 3,000,000 
Thale Iron Works. . we oe i 1,900,000 
Rheydt wae ar vee yh : i. 20 —_ 
Gasapparatus y, Mannheim .. ,800, 

Wiemann Leather Bompany on vs 1,400,000 
Neckar Ulmer Cycle, &c., Company .. 1,000,000 
Wand Cycle Company es os 1,000,000 
Diirkopp Cycle Company eal se 1,000,000 


The list also comprises several textile companies, spirit 
factories, &c. te war-profit tax reserves of 
the companies in the above list, which number fifty-three 
concerns, amount in the aggregate to 34,500,000 marks, or 
an average of 650,000 marks com There are 
altogether 6500 German limited companies, of which it is 
surmised that perhaps a thousand may be subject to war- 
profit taxation, but the average of the tax per company 

——~ like the average of the reserves 
of the above fifty-three companies. 
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THEORY AND PRACTICE IN THE 
FILTRATION OF WATER.* 


By Water CLEMENCE. 


Open sand filters for purifying waters for potable par- 
poses have now been in use for nearly a century, and 
since 1830 they have been continuously used in connection 
with the ion water supply. The first sand filtration 

lant, designed by James Simpson for the Chelsea Water 
Goapuay. consisted of decanting basins in which the raw 
water could be kept at rest for twelve hours, and open 
filter-basins in which a layer of fine sand, 2 ft. 6 in. deep, 
was on a bed of gravel of about the same thick- 
ness. In the gravel bed brick collecting-drains, with 
arched covers, were constructed. These large drains were 
found to induce a too rapid flow of the water through the 
sand immediately over them, and in later practice smaller 
drains were , which were distributed over the whole 
area of the floor of the filter to secure an even speed 
through the bed. 

During the last twenty years what is known as the 
** mechanical filter” has introduced, in which the 
arrangement of the filtering materials differs little in 
section from that adopted in o sand-beds ; but the 
water under treatment is quae thooah the materials 
at a speed from twenty to sixty times greater than that 
which has been found in practice to nt a safe limit 
of speed with slow sand filters, in order to obtain com- 
plete purification of the water. This limit is generally 
Eeneed to to foom 80 to 75 gateas sq. ft. per twenty- 
four hours, and it is obvious that, if the — of purifi- 
cation is found to be incomplete in the slow filter on 
exceeding this speed, it must be much more so in the 
rapid filter. 

ith filters of fine sand working ab slow speed it is 
found that practically all matters in suspension in the 
water, whether living organisms (other than bacteria) or 
silt icles, are retained on the surface of the filtering 
medium, where they eventually form an impervious layer, 
and it mes necessary to remove this in order to restore 
pe ad ingen | of the bed. This has long been recog- 
ni as one of the greatest drawbacks to slow sand 
filtration, yet the theory became established that the 
efficiency of the filter as an agent for the purification of 


2. The labour required for cleaning the filters, and 
removing, washing and replacing sand, is considerable. 

8. There is a constant waste of water (which in the 
majority of cases has to be pumped from a lower level) 
whenever a filter is emptied for cleaning, or when the 
efflaent is run to waste during the process of ripening a 
filter and also for washing sand, an operation which must 
always be carried out with filtered water. 


Fig. 


GENERAL ARRANGEMENT CF A 
MECHANICAL OR RAPID FILTER . 




















39! 
| filters are open at the top, and depend on gravity for 
their working head, it is my ! ible to obtein a aosed 
of more than 20 ft. vertical r hour, and at that 
speed the filters require cleaning Gegusntty, as it is im- 
possible to maintain the necessary working head which 
constantly increases as the filtering medium es foul. 

For high rates of filtration, from 20 ft. to 50 ft. vertical 
fall per hour, the head is induced or the filters are closed 
in so that they may be put under pressure from the inlet 
main. Each unit is controlled by four valves, lettered 
B, C, D and E on the diagram, and when the filter is in 
use D and E are closed. Raw water is admitted at B, 
and after passing vertically downwards through the filter 
is carried to the collecting-main through the outlet pipe 
controlled by the valve C. In order to clean the filter, 
the valve D on the wash-out pipe is opened and the inlet 
valve B isclosed. In the case of filters of the enclosed 
or pressure type, this is sufficient to cause a reversal of 
the flow, as the filtered water main is under re from 
other units of the battery, and the water flows upwards 
pe the filtering medium into the collecting channel 
F thence to the drain through the wash-out valve D. 

With filters of the o or gravity pe the outlet 
valve © is closed as as the inlet, an auxiliary 
valve on a pipe connected to pears below the filtering 
medium is opened to admit fil water from the supply 
mains, if these are under sufficient pressure, or from an 
auxiliary pump. When the filtering medium is suffi- 
ciently clean, the valve D is closed, and it is then usual 


tostart the filter and run the filtrate to waste for a time 
by closing the main ontled valve C and opening an 
auxiliary outlet valve E connected to the drain. i 
Another feature common to all mechanical filters is the 
sae aay - means . for — ing up - | coins Se 
tering medium during the process ing. is 
is accomplished either by the use of mechanical rakes or 
stirrers buried in the medium, which may be revolved 
3 gearing, or by the use of steam or compressed air 
which is admitted at the bottom of the filter with the 
wash-water. Owing to the high speed employed, there 
ig 
would be little or no reduction in the number of bacteria 
without the formation of an artificial film. Sulphate of 
alumina is generally used as a t, and in the case 
of soft waters lime must be added ; by this means a gela- 








(4728.4) 


ARRANGEMENT OF FILTERING MATERIALS. 


Fig.2.1 AN ORDINARY 
SLOW SANO-FILTER. 





(4728.8) 


water depended almost entirely on the layer of slimy mud 
which has been observed to form on the surface of the 
filter after it has been brought into use. Many articles 
have been published giving details of the various matters 
of which this layer has been found on examination to be 
composed, and in some cases it has been claimed that the 

resence of specific plants or other organisms in the layer 

as an effect, detrimental or otherwise, on the action of 
the filter. But while it is frequently pointed out that this 
film retains some 98 per cent. of the bacteria found in the 
raw water, the important fact that the majority of these 
bacteria are nitrifying organisms, and the most active 
agents in the organic purification of the water, is too 
frequently overlooked. 

It has been established in practice that, with filters on 
which a filtering layer is allowed to form (the italicised 
words are important), the efficiency of the filter is im- 
paired if the layer is disturbed, and that after ite 
complete removal when a filter is cleaned, the chemical 
and bacterial efficiency of the filter is nob restored 
until a film has again formed. But the formation of 
the film is attended with a practical disadvan in 
the working of the filter, as it is accompanied by a 
Constant increase in the ‘‘loss of head” or pressure 
required to force the water through the filter, so that by 
- tom the filter - in a — to yield a water 

sufficient purity for potable purposes, t 
been considerably reduced, and constantly decreases until 
it becomes necessary to remove the “‘filteri 
the process of ripening and working with constantly 
diminishing output must be re; These are the 
conditions under which sand Biters were worked. for 
& period of seventy am, and in a large number of cases 
the conditions are the same to-day. 

The chief disadvantages of sand filtration under such 
—— are :— 

. Owing to the time occupied in cleaning and ripening 
each filter, and the limited time during which it can be 
Worked at its maximum rate of delivery, it is necessary to 
peonite ® much larger total filtering surface than would 

necessary if the filters could be worked at somethi' 
ne gr their maximum rated speed for pro 

8. 


* Paper read before the Institution of Mechanical 


IN MULTIPLE FILTRATION. 





Engineers on April 14, 1916, 



















tinous film is formed on the filtering medium. The appa- 


Fig.4. MAGDEBURG WATERWORKS. 
DIAGRAM OF MULTIPLE FILTERS. 
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Much attention has been paid by ineers in recent 
years to the improvement in the conditions of working 
and in the design of filters. The interest aroused in con- 
nection with this subject has resulted in the formation of 
two distinct methods of practice based on widely diver- 
gent theories. On the one hand, those who support the 
theory that the bacterial purification of water by fil- 
tration is chiefly due to the mechanical action of 
straining have developed the mechanical filter, in which 
a film is created artificially by the use of a coagulant, 
and a high speed is adopted. On the other hand, 
Armand Puech proved by experiment and observation 
that the formation of a film on the surface of a filter 
was a hindrance rather than an aid to purification, 
and Puech and Chabal have developed the system of 
multiple filtration which is founded on the now ascer- 
tail fact that the formation of a film, either natural 
or artificial, on the surface of the filtering medium is 
unnecessary and undesirable. In the system of mul- 
tiple filtration the slow sand filter is retained, but the 
water is previously clarified by ing through succes- 
sive layers of gravel and sand. uring this —7 
treatment all solid matters in suspension are eliminated, 
together with the spores of alg, so that no film can form: 
on the surface of the final filter. As the nitrifying 
bacteria are not retained on the surface of the sand, they 
penetrate into the filter itself to a considerable depth, so 
that the bed becomes an active —_ of purification, and 
not merely a support for the filtering er of limited 
efficiency on its surface. Yet it is found that slow sand 
filters, which form the final elements in a system of 
multiple filtration, will, without the formation of a film, 
give far better results, chemically and bacteriologically, 
than filters on which a film is allowed to form. 


MECHANICAL FILTERS. 


Although there are many types of filters, for each of 
which special advantages are claimed, the diagram, 
Fig. 1, shows the essential features common to all 
mechanical filters. The filtering surface varies from 
Say fo ee in each unit, and the speed of 
working is modi according to the water to be 
but is rarely less than 8 ft. 6 in. vertical fall per hour, 
and is sometimes as much as 50 ft. From ten to twenty 
minutes 4 
passage 0! 





the water from inlet to outlet. When the 


— 
Degrossisseurs 


ratus used to mix and add the chemicals employed is very 
similar to that used in water-softening installations, and 
generally consists of a combination of measuring-weir and 
tipper with float controls. It will pe seen therefore :— 

1. That the tice of mechanical filtration is based 
on the theory t a filtering film is essential. 

2. That the speed of the filters is always high, so that 
the length of time during which the water is under 
treatment is not considered of importance. 

3. That when cleaning, the filtering materials are vio- 
lently agitated throughout their mass. : 

4. the bacteriological purification of the water is 
dependent on a single operation carried out with extreme 
rapidity, and that the sole line of defence inst the 
passage ic isms through the filter con- 
sists of an artificial gelatinous film. 


MULTIPLE FILTRATION. 

The theories which have led to the development of 
multiple filtration are directly opposed to those which 
have been considered in connection with mechanical 
filtration. It is now an accepted fact that the reduction 
of organic matters in solution in water, and their résolu- 
tion into mineral matters or nitrates, is due to the action 
of bacteria, and it is believed that the vast majority of 
microbes found in organicall pure waters belong to 
the class of nitro-bacteria first i ky. 








im 
cessoternd 
The nitro-bacteria are said to consist of sev 
having different characteristics, but all are aerobic—that 
is, they thrive only in the presence of free oxygen. They 
exist in water and appear to thrive and form colonies in soil 
or sand, but they are not found in soil at a depth of more 
than a few feet from the surface. Careful experiments 
by Reinsch and others have shown that in ordinary sand 
filters having a depth of about 3 ft. of sand, the number of 
bacteria found in samples of water drawn at various 
depths in the sand-bed is gradually reduced from top to 
bottom, the number varying with speed at which the 
water is passed through the bed. 
observed that in slow sand filters 
forming the final elements in a system of multiple filtra- 
tion, a section of the sand in a filter which has been at 
work for some months shows a brown stain extending 
downwards through the bed. This stain decreases in 
shade from the surface downwards and appears to 
be due to the presence of innumerable colonies of nitro- 
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bacteria, which coat the grains of sand to a considerable 
depth instead of being retained in the “‘filtering-layer” 
on the surface of the sand, as in the filters which are fed 
with water which has not been previously clarified. 

It is found in multiple filtration that the slow sand 
filters will yield good results if put to work again at their 
maximum after scraping, provided the sand has 
— = ee be he Ts te sna 
reference to diagram, 4 to reproduced 
in a later issue + showing the working of the Cawnpore 
filters during 1913. Filter No. 5 was scraped on June 15, 
and + 7 brought into use on June 16 with a delivery 
of ae wh pee d tal of the — a 
aq. ft.. w eq 6q. fb. Ts). 
This ye 4 ee aie the end , une - 
varying from to ons per sq. ft. per ours. 
The number of bacteria in the effluent on June 16 was 
44 per cub. cm., and on ten other occasions between 
June 17 and theend of the month the figures were 28, 14, 
28, 8, 22, 20, 20, 14, 16, and 12.* After re-sanding a 
filter the results are for a short time less perfect than 
with sand which in use for some time. They 
are still, however, sufficiently satisfactory to permit the 
water to be used if the filter is run for a short time ata 
slow speed. 

These facts were carefully considered in the development 
of the system of multiple filtration. It was seen that the 
filtering-film, com in the main of a felted mass of 
alge, fine silt particles, and debris of all kinds, owed its 
limited efficiency as an ¢ in the purification of water 
to the presence of nitrifying bacteria in the film, but that 


Fig. 
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first elements in a system of multiple filtration are called, 
so that the total time during which a water is under 
treatment, from the raw water inlet to the outlet from 
the final filters, must be carefully considered in the 
design of an as. Rag gee in the number of 
bacteria proceeds wit! uction in organic 
matter, and the water is reduced tu a condition of com- 
parative —. — Peron a ee. It 
a probab ] ic organisms pear in 
the process of multiple filtration, not because they are 
retained by the mechani process of straining, but 
because water from which matters in suspension 
and solution have been entirely removed is not a suitable 
environment for their continued existence. Such or- 
ganisms thrive in organic matter and a high temperature, 
and it ap reasonable to suppose that they are 
devitalised in water at a temperature considerably lower 
than blood heat, and that they perish rapidly in the 
absence of organic matter, a possibly owing to the 
action of nitro-bacteria in the filters. 

Having enumerated some of the considerations which 
have led to the development of the — of multiple 
filtration in its present form, it may be said the theory 
that the “ filtering film’‘ is not necessary for the suc- 
cessful working of slow sand filters appears to be estab- 
lished by the results of practice; and while first con- 
sideration must always be given to details affecting the 
purity of the filtrate, an enormous reduction in the cost 
of working of multiple-filters has been secured by the 
adoption of mechanical methods of cleaning the various 
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the slow filter is relied on for final puri- 
rest of the plant being designed to bring the 

a condition before reaching the final filters 

the ible results may be obtained from these. 
will noted that the arrangement of the degros- 
sisseurs and pre-filters is varied in each case, according 
to the character of the water and the nature of the diffi- 
culties to be encountered in working the final filters. 
1. Macpesure (Fig. 4). 

The source of supply is the River Elbe, which is usually 
turbid and pollu with the refuse from factories, &c., 
the quantity of organic matter being largely increased in 
the winter months by refuse from -sugar refineries. 
The plant* has a capacity of 9,900,000 gallons per 24 hours, 
and consists of four series of di urs or strainers, 
with between each series, pre-filters of coarse 
sand, and slow sand filters. The latter have been in 
existence for ney. pores, and are covered with brick 
arches, on which a layer of 3 ft. of soil is placed. 

Formerly theee filters were supplied with water pre- 
aes through decanting basins, but as these 
proved ineffective, they were transformed into simple 
roughing filters. were designed for too high a 
spect. and the filtering layer was unnecessarily thick, so 

as the whole mass of filtering materials became foul 
after some montbs’ working, it was exceedingly difficult 
to clean them. They were therefore reconstructed, and 
the whole installation transformed into a multiple-filtra- 
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units forming the plant for treatment of the water ante- 


5. DERWENT VALLEY WATER BOARD. 
DIAGRAM OF MULTIPLE FILTERS, BAMFORD. 
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(4728.0) Degrossisseurs Slow Sand-Filters 
the and other materials were in themselves detri- 


al 
tm yl the efficiency of the filter, as it was impossible 
to remove the layer of silt, &c., from the surface of the 
sand without at the same time removing — 
agent of chemical and bacteriological purification. e 
efficiency of the filter is found to wk nae J increased if 
the nitrifying organisms are allo to through 
the whole mass of the filtering materials and their vitality 
maintained by a constant supply of oxygen. Formerly the 
formation of the film prevented this, and the fact that the 
filter became inefficient after scraping indicated that the 
sand itself had no influence on the chemical and bacterio- 
logical character of the water. 

© first problem to be considered is how to vent 
the blocking of the filter by the accumulation on its sur- 
face of the matters in sus ion in the water, while at 
the same time allowing the nitrifying bacteria to gain 
free access to the filtering materials. When this is ac- 
complished, the colonies of nitrifying bacteria form a 
slimy layer on the sand grains in the upper — of the 
bed, and gradually spread downwards until the filter is 
in a condition to deal actively with the organic matters 
in solution during the passage of the water through the 
sand, so that as thickness of the layer containing the 
purifying organisms increases, so the speed of the filter 
can be increased with perfect safety, for the really effec- 
tive mt of purification is now spread through a con- 
siderable depth of the mass of sand instead of being 
limited to a thin film on the surface. It is found in 
practice that the formation of this natural i 
slime in the filter has very little effect in restricting the 
passage of the water through the sand. 

If the action of a filter is chiefly confined to a 
** filtering film” on the surface of the sand, represented 
by the thick black line in Fig. 2, it may be argued with 
some reason that little work is done by the filtering 
materials themselves, that they form a convenient 
support for the’film, and while there are obvious practical 
reasons for thedisposition of the layers of gravel aud sand 
shown by the diagram, the theory under consideration 
requires that the t should be reversed and 
= water passed through the layers of coarser materials 
irst. 

To reverse the disposition of the filtering la in an 
ordinary sand filter, even if it were practicable, would 





cedent to filtration, while 
the absence of a film on the 
final slow sand filters, and 
the fact that these are now 
supplied with a physically 
clear water, renders un- 
the ex ve 
operation of scraping ex- 
cept abt oon rare intervals. 
e first large installation 
of multiple filters for a 
potable water supply was constructed by the authorities 
of the City of Paris at Ivry, in 1900, at a time when 
sand filters were first used in France on a large scale. 
The sand filters are twenty-seven in number, with a. 
total area of 230,000 sq. ft., and they are supplied with 
water strained in four successive stages in sixteen de- 
——- or strainers, with a total area of 47,500eq. ft. 
@ strainers are supplied with filtering layers of pebbles 
only, and the suspended impurities in the raw water, 
which is drawn from the Seine, are removed to such an 
extent that the sand filters run on an av for three 
months. A similar plant was construc about two 
= later at the Sunbury Works of the Metropolitan 
ater Board for dealing with 10,000,000 gallons per 





eed 





twenty-four hours. In installations no provision is 
made for aeration of the water or for clean the de- 


grossisseurs by mechanical means, and although 
show & improvement in all respects over ordinary 
sand filtration combined with decantation, they are not 
to be compared with the results obtained in more modern 


installations. 
As the system has progressed, three notable features 
re-filter of 


have been introduced : 
1. It is now the practice to introduce a 
coarse sand between the degrossisseurs and final filters. 
This has the effect of almost — eliminating 
aoe matters, and greatly prolongs the life of the 
ters. 
a For potable = cascades are ay ae 3 
successive stages of training, so that the su re) 
dissolved oxygen is fully maintained. std 
3. The isseurs are fitted with an a tus for 
rapidly removing the silt collected by straini 
ma by means of air and flushing with unfil 


6 results 


tion plant by the addition of degrossisseurs. 
The degrossisseurs are in four series and 32 units, with 


ACCRA (GOLD COAST) WATERWORKS. 
DIAGRAM OF MULTIPLE FILTERS. 


Fig.6. 





4 
Degrossisseurs 


‘°34) Slow Sand-Filters 


a total filtering surface of 22,900 sq. ft., while the total 
area of the pre-filters is 43,000 sq. ft., and of the final 
rand filters 193,700 eq. ft. The speed adopted is as 


follows :— , 
Vertical S in 
Feet per Hour. 


Degrossisseurs 1 38.38 
” 2 21.94 
= 3 11.98 
” 4 6.22 

Pre-filters ioe 1.53 

Sand filters 0. 


The effect of the simple device of cascading the water 
between the various stages is shown as follows :— 


Dissolved Oxygen in Cubic Centimetres per Litre. 
Raw water of the Elbe... a> «- 6.27 
Loss after passing degrossisseurs 1, 2,3... 0.58 
5.69 
Gain by cascade 0.55 
6.24 
Loss on passing degrossisseurs series 4 ... 0.71 
5.53 
Gain by cascade 1.02 
6.55 = 


saturation in dissolved oxygen at time of test, with tem- 
perature 18.5 deg. Cent. (65deg. Fahr.). 























necessitate the employment of the same speed of filtra- | water.  pre-filters are also frequently fitted with an | _ The bacteriol results obtained from the multiple 
tion in each layer, end it is found im prectice that if | apparatus for cleaning the surface of the sand while the | filters at Magd have been remarkably regular. A 
very turbid water is passed at a slow y cog r= a | basins are su b table the results of Soa uring the 
layer of coarse gravel, the surface will blocked | The diagrams, Fig. 4, 391, and Figs. 5 and 6, above, month of November, 1910, was published in a. 
with mud in comparatively short time, and that a | show the arrangement of some modern installations which | J@nuary 13, 1911. A summary of the results gives the 
layer of pebbles forms a more efficient strainer if the | it is proposed to describe, giving in each case particulars | following figures:— 
speed of the water is so regulated that a coating of mud | of a tn water and ing how the principle of 
may be left on every pebble in the mass. These considera- | multiple filtration has been adapted to suit local require- No. of | ” 
tions require that various layers of ee sand shall | ments, for, as no two waters present the same charac- SS ee |e 
be placed in basins and disposed according to | teristics, it is essential that these should be studied care- - Ex- | pe — 
ones. rom coarse to fine in successive stages as | fully in the design of any installation intended to effect amined. oe 
Nitro ia i ive i i | Pa tion. hest | |Av Per Cent. 
itro-bacteria in water are active in destroying organic ee a ; Hig’ | Average Per Ce 
matter at all times, and» certain eduction ‘mn organic 01 alee een ines inne tecae conalhy eaeh and | Ses Sonresa 0 | "to. | Xm | “Sir | ova 
takes place parati . . roa , 
passage of the water through the : fy See 6 eee ee ee. . Sand divers me iH i sar ae 
tk Beet ey Pi cre | Colony.— River Densu, a water polluted with a ” ¢ | ie 
* Report by Captain ©. L. Dunn, I.M.S8., on the| decaying vegetation from swamps. 4. Cawnpore.—River | Service reservoir ..| 8 >- ot 
working of the Puech-Chabal Multiple Filtrati - | Ganges, a water wim —_—_- | ° ead tt Sa 
lation at Cawnpore, Table I.—Allahabad Government | with clay and silt ] hereafter deecribed have beex |¥—$§£$—@—-—————__—— 
Prees, 1913, to deal with waters differing widely in character. |* ENGINRERING, January 28 and February 4 and 11, 1910. 
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The figure for albuminoid ammonia is reduced from 50 


to 80 cent., according to the while the free 
pated» is always entirely dinlastel. chovles a reduc- 
tion in organic matter in solution which is due to the 
length of time allowed for nitrification and the arrange- 
— —_— for —_ as. © supply of free oxygen 

‘uring the process on. 

The character of a water of the Elbe varies con- 
siderably, as may be seen from the following analyses 
made during the summer meeting :— 


Analysis in Milligrammes July 5, May 2, 
a Litre. 1907. _ 1908. 
Total ie om 783.3 395.8 
Loss on ignition... ses 81.7 53 
Sodium oxide (Na,O) as 235.1 105.2 
Potassium oxide (K,O) 13.4 28 
Get LB 
Oxide of iron (Fe,0;) 0.3 0.3 
Alumina (AJ,0;)_... 1.1 1.7 
Chlorine a we 287.0 133.0 
Sulphuric anhydride 79.7 46.2 
Silica ... pe ve 7.2 5.7 
Carbonic anhydride 60.0 37.7 
Nitrogen as nitrates 11.7 7.7 
Nitrites od inp Traces Traces 
Free ammonia - ano 0.04 0.06 
Albuminoid ammonia __.... 0.22 0.15 
Oxygen consumed ... om 7.60 5.4 
Dissolved oxygen, cub. cm. 
per litre ... oh in 5.62 7.5 
Total hardness oo OB, 13.73 84 
Permanent hardness __,, 7.85 43 


The work accomplished in a given period by any 
filter, slow or rapid, is beat understood by a statement a+ 
to the numbrr of cubic feet of water which have pacsed 
through each square foot of filter area, or, in other words, 
the height of a column of water which has ed through 
the filter. Results stated in this way are easily onup 
able whatever the area or speed of the filter. e 

hysical effect of multiple filtration on the life of the 
Enal or slow sand filters of the system is well illustrated 
by the following —— relati1 i 
deburg filters. hen — with water from settling- 
tanks, this filter required cleaning on thirteen occasions 
in six months, the average height of a column of water 
passed between scrapings being 54.79 ft. On each occa- 
sion the filter was worked to its maximum “* loss of head” 
of 39in. When supplied with water previously 
through the degrossisseurs and pre-filters, the height of 
a column passed through the same filter was 1022 ft., 
with a loss of head of 3in. only. It has been already 
shown that in multiple filtration it is possible to 
start a sand filter, immediately after scraping, at its 
maximum speed without running the water to waste, and 
that results are at once obtained. é 

This is borne out by the tables of bacteriological results 
already quoted, and appears to — the theory that 
a sand-bed, if left undisturbed, and through which water 
is allowed to pass continuously, becomes c wit 
nitrifying bacteria which have a most important effect 
in bringing about complete purification. 


2. Derwent VALLEY Water Boarp (Fic. 5). 


The large installation at Bamford, Derbyshire, deals 
with water from the impounding reservoirs at Derwent 
and Howden. The installation has a capacity of 
2,000,000 gallons per 24 hours for the supply to Notting- 
ham, Leicester, and Derby. The plant consists of three 
series of degrossisseurs divided into sixteen compart- 
ments, any one of which may be isolated for cleaning 
without interrupting the working of the remainder. 
There are no pre-filters, and the water passes direct from 
the degrossisseurs to the slow sand filters. 

The degrossisseurs are fitted with an apparatus for 
cleaning the gravel by means of air, and the amount of 
labour required for working the installation is very small. 
a . re a total me | - -— - 
189,000 sq. ft., and the degrossisseurs 28, . ft. e 
speed adopted is as follows :— ~ 

Vertical S in 


- Feet oy our. 
Degrossisseurs, Series 1 a sah 1.62 

ee Series 2 call nat 15.04 

os Series 3 5.75 
Sand filters ‘. 0.5 


There is usually a large amount of acidity in the raw 
water, due to the t in the drainage area, and it is 
found that the acid increases after heav i 
Gegrossisseurs, series 1 and 2, contain crushed limestone 
as the filtering medium, which has been found to effect 
complete neutralisation of the peaty acids in the water. 
In the third series the filtering medium is screened calc- 
spar, and Leighton Buzzard sand is used in the fina) 
filters, The filters were first brought into uee in 1912, 
and the following figures have been obtained as & result 
of the working of the installation in 1913 and 1914. 


Test to Ascertain the Effect of the Degrossissewrs on the 


Period between Scrapings of Sand Filters: Bamford 
Filters, Derwent Valley Water Board. 


Water that had previousl —y- th 
sisseurs was supplied to pom ter No. 7. 
scraped on September 15, 1914, and it again required 
Scraping on November 10, 1914. Length of run, 56 days. 
Area of filter, 27,000 sq. in. Quantity of water filtered, 
67,512,000 gallons; average, 1,260,000 gallons per 24 hours. 
Average speed, 0.298 ft. per i of column 
Passed between scrapings, 400.71 ft. 
‘ Sand filter No. 2 was also supplied with water from the 
Boe ecisoours during the same season, and worked for 

7 days between scrapings. The quantity of water 


te one of the Mag- 


h the degros- 
he filter was 


ceeding] 
bh | Per milton gallons, or 0. s 





filtered was 83,774,000 gallons, an ave of 1,470,000 
. od 24 hours, or 0.363 ft. vertical fall per hour. 
an t of the column passed between scrapings was 

. No. 1 filter was scraped on September 18, 1914, and was 
supplied with raw water. It required scraping four times 


the period ended November 16, 1914. During | gall 


during 

this period the filter was actually in use on 51 days. The 

total quantity filtered was 59,309,000 gallons, or 1,163,000 
lions per 24 hours. The average quantity fiitered 


tween ———- was 14,827,000 lons. The average 
speed, 0.287 ft. vertical fall hour. Height of column 
passed between scrapings, 88 fb. 


In order to obtain an exact comparison, all the filters 
were stopped for scraping when the maximum loss of 
head of 3 ft. 6 in. had been reached. Although in this 
ee installation the system of multiple filtration 

only been partially adopted, it will be seen that the 
result of preliminary straining through three successive 
layers of gravel is to increase the life of the final filters 
between scrapings from 44 to nearly 6 times, with a 
resulting saving in labour. 

The following table shows the acidity in the raw water 
in a number of samples taken from the inlet to the de- 
grossisseurs :— 


Acidity in Terms of cm.’ of N 


Solution of Sodium Carbonate 
Required to Neutralise 
100 cub. cm. of the Water. 


1914. cub. om. 
July 30 0.28 
August6 ... 0.25 
Augnst 13... 0.35 
August 20... 0.27 
August 27 ... 0.25 
September 3 0.25 
September 10 0.27 
September 17 0.35 
September 24 0.22 
October 1 ... 0.24 
October 8 ... 0.25 
October 15 0.25 
October 22 0.25 


The raw water has always been acid, except for the 
period from July 24, 1913, to September 11, 1913, when 
the reaction of the 7 samples was neutral. This 
period was the close of the long drought of that dry 
summer. The effect of passing the water through the 
limestone in the first two series of degrossisseurs is to 
neutralise the acid completely, and to reduce to a safe 
figure the lead-dissolving power of the water. The 
hardness is naturally slightly increased. 

The results of a test made on January 1, 1913, were as 
shown in the table below. 

The working expenses in connection with the multiple 
filtration plant at Bamford have been found to be ex 

i ow, and for the year 1913 amounted to 4s. 6:1. 
per 1000 gallons. This 
figure, of course, includes the cleaning of the degros- 
sisseurs, With maintenance of the oil-engine and blower 
used in cleaning, scraping of sand filters, &c. The lave 
Mr. W. B. Bryan gave the cost of working ordinary sand 
filters at the works of the Metropolitan Water Board 
> ye. per 1000 gallons, or about 5s. 11d. per million 


lons. 
The filters at Bamford are constructed in concrete and 
brickwork throughout, with the exception of the ap- 
paratus for cleaning the degrossieseurs by air. This 
part of the work is in ferro-concrete. 


Results of Tests of Samples of Water from Bamford 
Filters at Different Stag:s of Filtration: 
Valley Water Board. 




















Is = a _ 
aeooy thet 
3 3 ¥ a3 é isi ; 
- & anos 
Description of Sample. E > 28s) ? - i332 
January 1, 1913. 2° 2| s4 |+32 "5 
r 3 33 & 3” r is 
-_ a | 2 . 
le HES 
a] e)| = e 
$2l2428 Ets Sgsts 
deg. deg. 
Sample of water from inlet to 
d urs ss ee 0.26 20 33.0 
Sample of water after passing 
d ieseur No. 1, con- 
taining coarse limestone .. 0.17 2.3 $15 
Sample of water aftzr passing 
degrossisseurs 1 and 2, No. 
2 containing medium grade 
limestone... oe - Neutral 2.76 6.3 
Sample of water after pass'ng 
d urs 1, 2, and 3, 
No.3containing fine crushed 
calcium spar .. ee .. | Neutral * 2.9 6.3 
Sample of water after passing | 
3 degrossisseurs and san: 
filters .. , ; Neutral 2.9 6.6 
The annual capital charges on the installation, cal- 
culated at 12,000,000 gallons per twenty-four hours, or 
4,380,000,000 gallons per annum, are 1/. 8s, 2d. per million 


gallons = 0.338d. per 1000 gallons. The total amount of 
crushed limestone used as the filtering and acid neu- 
tralising medium in degrossisseurs 1 and 2 is 506 cub. 





* Proceedings of the Institution of Mechanical Engi- 
neers, 1909, page 107. 





This material can be obtained locally at 6s, 6d. 
actual cost of the material under 
yard, placed in the filters, 


or 
ition during the ppp kN 
to attrition during process 0! i vel by 
air ; but, on she other band, this simple method of olean- 
ing effectively removes all deposit from every particle of 
the filtering medium, leaving the maximum surface of 
limestone to the action of the acid water. 

It is found that the water takes up just sufficient cal- 
cium car to neutralise the acidity, so that the 
method is both safe and economical, as, if the alkali were 
measured and added, it might sometimes cocur that too 
little was added, and sometimes toc much. Under the 
system adopted at Derwent Valley, the whole process is 
automatic and the cost exceedingly low, as no ex ive 
apparatus has to be provided to add the lime. he cost 
of filtration at Derwent Valley is therefore 0.396d. per 
1000 gallons, including working expenses, interest on 
sinking fund, and all outgoings. 

Some notes on the use of sulphate of alumina with 
there filters, for the purpose of removing colour, are 
given in Appendix I. 


3. Acora, Gotp Coast Coiony (Fic. 6). 


This installation, although dealing with only 500,000 
gallons per twenty-four hours, is very complete, and pro- 
vides for treatment of the water in six successive stages. * 
The source of supply is the small River Densu, which is 
much contaminated with water from swamps full of 
decaying vegetation. Asa result of a series of analyses 
of the raw water, Mr. Bertram Blount estimated that the 
maximum organic impurity might be represented by the 
following figures :— 

ows a (4 hours at : 
eg. Fabr. me -»» 1,00 part per 100,000 
Albuminoid ammonia ... as ma pee 


It is hoped to reduce these figures within safe limits by 
aeration and slow filtration without the use of chemicals. 
The whole of the installation is constructed of ferro- 
concrete, and consists of four degrossisseurs in series 
and sets of five pre-filters and six slow sand filters, 
A raw-water reservoir holding twenty-four hours’ supply 
is placed over the sand filters, the floor of the reser- 
voir being slightly higher than the inlet to the filtra- 
tion plant. reservoir is of the same area as the 
sand filters, and is carried on ferro-conorete columns. 
The between the outer columns are filled in 
with ferre-conorete panels, so that light is excluded 
from the final filters. The pre-filters, and also the 
degrossisseurs, are fitted with apparatus for clean- 
ing by air, which is supplied from an electrically- 
driven blower. One native ‘‘ boy” easily controls the 
plant. The combined filtering area of the degrossisseurs 
and pre-filters is 4870 sq, ft., and of the sand filters 
12,200 rq. ft. A slow sp3ed has been adopted through- 
out, as will be seen from the figures given below. 

_ As the installation has only been working for a short 
time, it has not yet been possible to work it at its full 
capacity, but some notes on results recently obtained 
from a partial trial of the installation are given in 
Appendix IT. 


Degrossisseurs 1 


i ee i 7.91 
ra 3 |. mA Fe? 4 5. 
4 3 


ets cee «i ie 
Sand filters ... mr om * St 0.27 
(To be continued.) 





Matay Penrnsvutar TrRapg.—Statistics to hand from 
the Straits Settlements reveal, says the London and 
China Telegraph, « remarkable recovery of trade during 
the past year. With increases in the price of 
rubber and tin, the two principa! products of the Mala 
Peninsula, this recovery, perhaps, was to be ex ; 
but the most satisfactory feature to be noticed is that not 
only have the res for 1914 been eclipsed, but there 
is actually a substantial increase when comparison is 


made with 1913. For the three years the statistics 
were :— 
Imports. Exports. Total. 
£ & £ 
1913 .. 55,483,818 44,999,898 100,433,716 
1914 .. 46,121,866 89,944,540 86,066,406 
1915 .. 52,480,270 50,674,414 108,154,684 


It will be seen that, whereas there was a shrinkage of 
14,417,310. in 1914, owing largely to the war influence 
in the latter half of the year, is actually an in- 
crease in 1915 of 2,670, over the excellent res of 
1913, and of 17,088,278. over 1914. The increase in im- 
pest amounted to 6,358,404/., and in exports to 
0,729,874l. The value of tin exported was 10,694 3441., 
of Pard rubber 10,606,599/., and of copra 1,410,181/. Im- 
manufactured articles ame, on. 

it year, as compared wi ,6671., rising last year 
from 1,835,1411, in the first quarter to 2,515,049/. in the 
last quarter. 





* See Encingznine, November 5, 1915. 
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THE PHYSICAL SOCIETY OF LONDON. 


Ar the meeting held on March 24, 1916, at the Imperial 
College of Science, Mr. F. K. Smith, A.R.C.8., Vice- 
President, in the chair, a paper entitled *‘ A New Method 
of Determining Ionic Velocities” was read by Mrs. OC. H. 

riffiths, B.Sc. ; : 

In the experiments described the cathode, which con- 
sists of a hor.zontal copper disc perforated with two holes, 
is mounted in a cylindrical glass tube open at the lower 
end. The whole is suspended from the beam of a balance, 
and is immersed in a vessel of copper sulphate. The 
anode is a copper spiral fixed in the electrolyte some dis- 
tance below the mouth of the cathode vessel. From the 
rate of change of weight of the suspended system during 
the passage of a current the ionic velocities can be deter- 
mined. 

Discussion.—Dr. 8. W. J. Smith discussed the paper 
at some length. At his suggestion his remarks are 
omitted in order to save space. They will appear in the 
Proceedi 

Mr. Fk Smith admired the manner in which small 
difficulties had been overcome. Some years ago he had 
determined the electrochemical equivalent of silver with 
the anode suspended from the beam of a balance. If 
Mrs, Griffiths intended continuing these experiments, he 
would suggest the use of such salts as silver nitrate rather 
than copper sulphate. , 

Mr. 5 . H. Shaxby communicated the following re- 
marks: It may be noted that the use of a relation, im- 
plicit in the reasoning but not actually employed, leads 
to a simple formula for calculating V without the neces- 
sity of separate determinations of m, and m,. This saves 
a rather lengthy calculation, and incidentaily avoids the 
necessity for relying on data in Landolt obtained by other 
workers. The relation is that the current N e(U + V) 
is also equal tom,q(U+V). (In fact, from the values 
given, N ¢ = 34.36 and m, q = 34.12.) If, then, we sub- 


dtitute © —V for U in the equation 
mq 


m, V—m, U-nipV + °P= Ww 
qd 


(loss in weight observed), 
we have 
mz V - m/( : -V)-n3pV+ cP _w, 
™m q q d 
or 


V (m, + m,-ndp)=W+ 2—- SP ; 
q qd 


V n(L-5p) =Wt<(1- +} 
qd d 


The quantity 5 is derived from the statement that ‘*‘ total 
mass of salt in cathode vessels diminishes at the rate of 
(m, + m.) Av gms./sec.” Now this diminution is not by 
the elimination of salt qua salt, but in the form of already 
dissociated ions. The calculation of 5, from the variation 
of density of a solution with concentration, lumps together 
undissociated and dissociated salt. If we may ee 
the ions to be of great density, the value of 5 would be 
very small, If we neglect 5 and re-caloulate V, we find 
for experiments (12), (9), (3), and (6) respectively the 
values 6.339, 3.138, 4.011, and 1.561 (x 10-4), leading to 


©, 0,6584, 0.6561, 0.6627, and 0.6634. 


For the lowest concentrations these agree with other 
workers’ figures. Metelka’s results for densities 1.019 


and 1.038 suggest similarly constant values of = 


the values for 
u 


ate 


various concentrations, and are also in agreement 
with Mrs. Griffitbs’s figures (as thus culated). | 
Dr. Griffiths, replying on of Mrs. Griffiths, 
expressed thanks for the interest taken in the paper by 
Dr. Smith and for his rational criticism. He agreed that 
further research was advisable on the density of electro- 
lytically deposited copper, and thought thats Mrs. 
Griffiths might be able to measure experimentally the 
integral volume changes calculated in the paper. She 
had already given some thought to these subjects. He 
was of the opinion that the s above the cathode was 
ample, and the value of 5, in so far as its value de- 
pended on changes in the concentration of the solution 
of copper sulphate was correct. If the variations in con- 
centration had - so ) ~ to er the value of 4, 
then, owing to the equalising effect of diffusion, an appre- 
ciable change wound bare taken place in the weight of 
the cathode vessel and contents after the conelusion of an 
experiment. 
rs. Griffiths has communicated the following com- 
ments on Mr, Shaxby’s remarks: The mathematics in the 
second and third wy appears to be correct and is 
interesting, bud the first paragraph would seem to be 
somewhat a in that the necessity is not avoided 
for relying on data agg Be concentrations) obtained 
by other workers. . Shaxby avoids the necessity by 
making an hypothesis in the last which is not 
justifiable, for when the current has the value of 6 
cannot depend on the process whereby the salt has been 
eliminated. Even during the of the current the 
process can have only an inappreciable effect on the value 


of 6. 
A paper entitled ‘‘ Vote on an Explanation the 
Ley Dr. 8. W. J. Soatne 


Mi ion of the Ions,” was read b: 

MA-FRS . 

p @ object of this Note > to show Rane. 9 brane 
in man: t-books, can be im: 

i makes A easier to i ge 

happens at the electrodes in the simpler examples of 

Hittorf’s method of determining the migration constant. 


An attempt is made to give to an idea which is 
sometimes vaguely cagbtaned and Geequentiy ignored. 


Discussion.—Mr. D. Owen considered that the usual 
graphical method expressed the integral effect simply and 


a te — in — a ysis of 
paragra: ree 0! paper, whilst ing ision to 
the conclusions, did not modify them or ‘‘ explain” them. 


The fact of the existence of a volume distribution of 
electricity near to the electrodes implied an increased 
potential gradient which played a part in the actions 
occurring in those regions. 

Dr. Willows suggested that, if Mr. Owen’s view were 
correct, it should be possible to detect the potential 
gradients to which he referred. 

Mr. F. E. Smith remarked that Dr. Smith’s paper dealt 
with a real difficulty, and one which teachers of electricity 
had to face. He remembered giving lectures on the 
subject to very elementary students, and, feeling dis- 
satisfied with the explanatory diagrams in text-books, 
had adopted another form of explanation. In — 
with the phenomenon the negative ions were never sai 
to be di . The gen argument followed was to 
regard matter as being in four states — solid, liquid, 
gaseous and ionic. b was peers | conceded from 
analogies that copper ions and metallic copper differed 
because of a difference of electrical energies. Conversion 
from one into another could be brought about by adding 
or subtracting electrical energy. Thus, in the electrolysis 
of copper sulphate solution with copper electrodes, the 
electrode at high potential lost energy by conversion of a 
part of itself into positive ions, and the negative electrode 
gained energy from the solution due to positive ions 
giving up their charge and being converted into the 
metallic form. 

Dr. Smith, in reply, said :—In the original draft of the 
Note, as submit: to the Society, he had hazarded the 
opinion that perhaps the authors, who used the diagram, 
wished it to be understood that the excess ions shown at 
the ends of the chains were removed by excess potential 
gradients. He had deleted this conjecture, and had 
substituted a footnote (which was, in fact, a quotation), 
because he had been unable to find any provf that this 
was the view taken. In any case it was unsatisfactory. 
Mr. Owen seemed to imagine that there was some virtue 
of simplicity about this view which made the analysis of 

3 unnecessary. This was not the ease. The problem 
was not merely to state how a Hittorf migration experi- 
ment might be supposed to begin. It was as necessary 
to show clearly what occurred while it continued. This 
was the object of the Note. The analysis of § 3 was the 
—- general method of expressing the fact that some 
of the ions which take part in the electrolytic process are 
fed into the circuit near the electrodes, and are not brought 
there by the potential gradients. Views which ‘‘ explain” 
the facts, while ignoring this, have been the cause of need- 
less confusion in the minds of students. The analysis of 
§3 showed, for example, that conduction could not pro- 
ceed as it began unless for every (w+) cations deposi 
v cations and v anions were fed into the circuit at the 
cathode. If the cathode region had to draw upon itself 
for this supply of ions, the concentration near it would 
rapidly fall, and the “‘ polarisation” at the cathode 
would rise in accordance with the well-known relation 
connecting the contact potential difference with the con- 
centration. Diffusion, however, always played an essen- 
tial part. When it was promoted by convection, a slight 
reduction in the concentration of the solution round the 
cathode would be enough to set up an appreciable diffu- 
sion current which would maintained in the way 
described in § 4 of the Note. This was the current 
which — the necessary molecules to the cathode 
_ be relation between this diffusion current and 
the electric current could be represented by the equation 
kn=vi/(u + v)¢, where k is a diffusion constant, n is the 
concentration gradient at the cathode, 7 is the electric 
curren} density, and ¢ is the ionic 

If, notwithstanding this re-expression of his views, 
which he had thought were “_ ~y 4 coviveyed in the 
note, Mr. Owen still insisted + the usual graphical 
method was satisfactory, he could think of no better 
method of convincing him that it was not than to ask him 
to examine more closely the consequences of his own view 
as expressed at the meeting. He would then be led to 
the conclusions stated in the Note. 

Since the point had been raised, it should, perhaps, be 
noved that there was an obvious clerical error in the 
proofs of the paper whereby N, N’ and N” had been 
printed throughout instead of SN, S’N’ and S” N” re- 
spectively. ith regard to the question raised by Dr. 
illows, he was of the opinion that measurable potential 
differences of the kind described did not exist. He was 
glad that the chairman was of the same opinion as him- 
self with respect to the diagrams and descriptions usually 
given. 

A paper, by Dr. 8. W. J. Smith, entitled ‘“‘A Method 
of Exhibiting the Velocity of Iodine Ions in Solution,” 
was taken as read. method was shown. 

Dilute solutions of potassium iodide and potassium 
chloride of equimol: concentration have almost the 
same electric conductivity. They are therefore of interest 
in connection, with the direct measurement of ionic 
velocities. The paper describes a simple method of 
observing their common boundary. It is only necessary 
toadd a little mercuric chloride to the potassium chloride 
solution. An extremely thin layer of mercuric iodide 
then Syme where the two oputions meet. The a 
is partic ly convenient lecture purposes, an 
approximate value of the ionic velocity can be obtained 
in a few minutes. 

The paper gives examples of the use of the method. 
The current is first passed in the direction which causes 
the iodine ions to travel towards the i 
chlorine liberated at the anode in this case supplies a 
redeterminin 


means of ig the velocity of the ions w! 





current being reversed, they move in the oppositedirection. 


COLONIAL AND FOREIGN ENGINEERING 


PROJECTS. 
We give below a few data on several colonial and 
foreign engineering projécts, taken from the Board of 
T Journal. Further information on these projects 


can be obtained from the Commercial Intelligence B: 
Board of Trade, 73, Basinghall-street, London, E.C. 

Canada: According to telegraphic information received 
at the office of the High Commissioner in London for 
Canada, a Bill is to be introduced during the coming 
session of the British Columbia Legislature to authorise 
the Government to build 30 four-masted schooners, fitted 
with auxiliary Diesel engines, to be used in the lumber- 
carrying trade. 

Portugal: The Diario do Governo publishes a Bill, 
which has recently been presented to the Portuguese 
Chamber of Deputies, to authorise the Municipality of 
Amarante to contract a loan of up to 120,000 escudos 
(about 17,500/. at current rate of exchange) to be devoted 
toa hydro-electric installation for the production of power 
for lighting and other purposes; the construction of a 
market in Amarante ; water supply and sewage systems, 
&c. The Diario also contains a Bill, which has been pre- 
sented to the Chamber of Deputies, to authorise the 
Municipality of Sobral de Monte Agraco to sell certain 
property, with a view to we! the proceeds to the 
construction of a municipal slaughterhouse, and also, 
should there be any surplus, a school building. 


Spain: The Gaceta de Madrid publishes a notice to the 
effect that tenders will be opened at the Direccidn- 
General de Obras Piiblicas, Ministerio de Fomento, 
Madrid, on May 31, for the construction and working, 
for a period of 99 years, of a secondary railway from 
Alicante to Alcoy. ‘The cost of construction is estimated 
at 13,478,236 pesetas (about 539,000/.), on which interest 
not exceeding 5 per cent. per annum will be guaranteed 


by the State. The minimum rolling stock required to 
work the line will be six locomotives, 2U passenger coaches, 
seven brake vans, and 58 goods wagons. nstruction 


work must be commenced within a period of three months 
from the date of the notification of the award of the 
concession, and must be completed within four years 
from the same date. Although the foregoing contract 
will probably be awarded toa Spenieh firm, nevertheless 
the carrying out of the works may involve the purchase 
of some materials outside Spain. ith reference to calls 
for tenders by the Municipality of Barcelona for the 
carrying out of street drainage and sewerage works in 
that city, it is announced in the Gaceta de Madrid that 
tenders will be opened at the Casa Oonsistorial, Barce- 
lona, on May 12, for the carrying out of further similar 
work in Barcelona at a total estimated cost of 411,464 
pesetas (about 16,4607.). The conditions of contract con- 


ted | tain clauses to the effect that at the first competition the 


materials to be used will be confined, with certain ex- 
ceptions, to products of Spanish manufacture, but that, in 
the event of no decision being arrived at, a second com- 
petition, in which foreign products may be accepted, will 
then take place. In the fatter event Spanish products 
will have a 10 per cent. margin of preference over foreign. 


Siam: The Acting British Consul-General at Bangkok 
has forwarded a copy of a specification and vender form 
in connection with a call for tenders by the Siamese 
Royal Irrigation Department, as follows:—Sealed ten- 
ders, on the proper forms, will be received up to noon on 
August 1 by the Director-General of the Royal Irrigation 
Department, —-. for the supply and delivery of a 
suction or hydraulicdredger. The length is not to exceed 
150 ft. and the beam 184 ft. The draught must not be 
more than 4} ft. when the dredger is in full working order. 





Tae AmeRicAN Dyzsturr InpusTRY.—According to 
the Jron Trade Review, Cleveland, Ohio, Dr. Norton, the 
author of a — on the present dyestuff situation 
issued by the Bureau of Foreign and Domestic Com- 
merce, has expressed the opinion that the United States 
is to have a permanent dyestuff industry. The textile 
and allied industries, he says, are united in the deter- 
mination that the country not again be ex to 
such a famine as it has recently experienced. The large 
organisations of dyestuff users have expressed a willing- 
ness to bear the burden of higher prices than prevailed 
before the war, if necessary. Most of the companies 
engaged in manufactnring coal-tar compounds are plan- 
ning to continue their pro luction along the lines already 
taken up and to enlarge such production, or enter upon 
the manufacture of additional intermediate or finished 
dyes, as circumstances warrant. 





Norwecian Mercantite Marine.—We read in the 
Anglo-Norwegian Trade Journal that the Norwegian 
mercantile marine during February, 1916, showed an in- 
crease of 35 ships, with a total of 36,941, and a 
decrease of 20 ships, Levy Re tons. Two steamers, 
of tons, have been lost 
ships, totalling 29,812 tons, have been 
abroad. The net.result of the month is that the steam- 
ship fleet has increased by 14 ships, with 
25,871, and the fleet of motor icote seven v 
a tonnage of 3333; on the other hand, the sailing fleet 
further decreased by six ships and 4568 tous, whereby 
fleet as a whole shows an increase of 15 ships, with # to 

636. previous months, t 
ing November, 30 shi 
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Angust 1, 1914, to February 21, 1916) amounts to 13 
oe and 246,499 gross registered tons. 








